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ABSTRACT 
Purpose: The purpose of this study was to examine the effect of using a fitness software 
application (APP) compared to a fitness coach (COACH) on resistance exercise (RE) 
session efficacy. Methods: Sixteen healthy, college-aged males and females volunteered 
and completed a self-directed (SELF) RE condition using Cybex resistance machines for 
the leg press (LP), chest press (CP), seated row (SR), and shoulder press (SP) exercises. 
Participants were then randomized in counter-balanced fashion to complete a RE session 
with a COACH and another using an APP. Total and individual exercise volume was 
measured for each condition, along with ratings of perceived exertion (RPE), changes in 
mood, and perceived enjoyment and satisfaction. Results: COACH performed 11.5% 
greater total exercise volume in the SR than SELF (p ≤ 0.05) and had a statistical trend of 
12.5% greater total volume in the SP than APP (p = 0.063). Total volume for the SP was 
12% greater in APP when compared to SELF (p ≤ 0.05). There was a significant 
difference in total exercise volume between conditions (p = 0.05); however, post-hoc 
analyses failed to identify the source of the differences between conditions. Both 
COACH and APP displayed greater average RPE scores than SELF (p = 0.008 and p = 
0.028, respectively). A significant condition by time interaction occurred with an 
improvement in mood after RE in both COACH and APP (p ≤ 0.05) but not SELF (p > 
0.05). There was a trend (p = 0.063) for greater perceived enjoyment in the SELF 
condition when compared to COACH and APP. Perceived satisfaction was significantly 
greater in COACH compared to SELF (p < 0.001) and a trend (p = 0.054) occurred in 
COACH compared to APP. Conclusions: Findings revealed non-significant tendency for 
greater exercise volumes and greater satisfaction under the direct supervision of a fitness 
 iv 
coach than when utilizing a fitness software application or self-directing a RE session. 
However, there were benefits associated with use of a fitness app, which is deserving of 
further investigation.
 v 
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This thesis is dedicated to those who feel hopeless, trapped, or defeated. 
 
There are few certainties in life, and one of those certainties is failure. 
 
Failure is our greatest teacher. 
 
The truth is, nothing worth having comes easy. 
 
You can do anything you set your mind to. 
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Chapter 1 
INTRODUCTION 
The advent of smartphones has transformed the way society communicates, 
interacts with the environment, gathers and shares information. Ninety-five percent of 
Americans own a mobile device of some kind and 77% of Americans own a smartphone 
capable of supporting applications (apps) offering a multitude of entertainment, 
productivity, and utilitarian purposes (Poushter, 2016). Fifty-eight percent of Americans 
utilize apps to at least partly manage their own personal health and fitness (Krebs & 
Duncan, 2015). The most frequent reasons individuals downloaded health apps were to 
(1) track how much physical activity they were getting; (2) monitor caloric intake; (3) 
lose weight; and (4) to learn exercises (Krebs & Duncan, 2015). Despite over 95,000 
apps exclusively in the health and fitness category in Apple’s iTunes App Store (Pocket 
Gamer Biz, 2017) there is a dearth of research investigating fitness app effectiveness. The 
increased usage of apps in effort to improve health and fitness is a relatively new area of 
research that should undergo thorough scientific investigation given our tremendous use 
of these tools and collective quest for a healthy society.
Despite the growing popularity of smartphone health and fitness apps, the efficacy 
of these apps is not well understood. Researchers have suggested that health and fitness 
apps can be potentially efficacious at improving diet, increasing physical activity, and 
reducing sedentary behaviors (Schoeppe et al., 2016). Furthermore, individuals who 
utilize these apps perceive them to be effective with helping improve health and fitness 
(Wang, J., et al., 2016). Payne, Lister, West, and Bernhardt (2015) revealed app users 
adhere well to app health interventions, and apps are effective in supporting behavior 
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changes, which could potentially increase adherence to health behavior interventions. 
Therefore, apps may be a viable means to beginning and maintaining a health and fitness 
regimen.  
Unfortunately, most apps on the market offer little rigor in application of fitness 
and scientific principles (Modave et al., 2015). Modave et al. (2015) examined the quality 
of free health and fitness apps and devised a scoring method based on the American 
College of Sports Medicine’s (ACSM) principles of exercise prescription – frequency, 
intensity, time, and type (FITT). They demonstrated that, of the 30 apps meeting 
inclusion criterion for their study, only one scored above 50% and met all ACSM’s 
exercise components. Modave et al. concluded most fitness apps fall far from evidence-
based practice quality.  
A logical alternative to app use for fitness program assistance is to work with an 
educated and credentialed fitness coach. This should overcome any shortcomings of an 
app. For example, a fitness coach would be able to detect improper movement patterns in 
real-time and offer strategies and cues on how to execute movement patterns correctly. 
However, there is usually a greater cost associated working with a fitness coach. It is not 
fully known if fitness apps are an effective means for improving fitness compared to 
employing a fitness coach. There is evidence for apps supporting improvements in 
cardiovascular fitness but no equivalent work with resistance exercise.  
Evidence exists for apps improving markers of cardiorespiratory fitness. 
Researchers had healthy, low-fit men and women use an app, following ACSM 
guidelines, and found increases in cardiorespiratory fitness after two weeks (Rospo et al., 
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2016). However, it remains unclear if resistance training would yield similar positive 
results, such as increases in strength, with virtual coaching by an app. 
Fitness coaching has been shown to be effective at improving health- and 
performance-related fitness outcomes (Ratamess et al., 2008). It also appears using an 
app can help improve cardiorespiratory function (Rospo et al., 2016). However, the 
question remains, can resistance training with an app yield results as good as utilizing an 
educated and credentialed fitness professional. 
Statement of Purpose 
The purpose of this study was to examine the effect of using a fitness software 
app compared to a fitness professional on resistance exercise session efficacy. 
Hypotheses 
The hypotheses for this study were: 
1. Resistance training during a single session with a fitness coach will yield greater 
total exercise volume in the leg press (LP), chest press (CP), seated row (SR), and 
shoulder press (SP) exercises than with a fitness app.  
2. Resistance training during a single session with a fitness coach will yield greater 
ratings of perceived exertion (RPE) scores than with a fitness app. 
3. Resistance training during a single session with a fitness coach will yield better 
scores in mood, measured by the Abbreviated Profile of Mood States (POMS), 
than with a fitness app. 
4. Resistance training during a single session with a fitness coach will yield better 
outcomes in enjoyment, measured by the Physical Activity Enjoyment Scale 
(PACES), than with a fitness app. 
  
4 
5. Resistance training during a single session with a fitness coach will yield better 
outcomes in satisfaction, measured by the Resistance Training Satisfaction 
Questionnaire (RTSQ), than with a fitness app. 
Definition of Terms 
1. Smartphone Application: Software designed to operate on mobile devices such as 
smartphones or tablets. 
2. Academically Prepared Fitness Coach: An individual with at least three months of 
experience in a fitness setting who possesses knowledge, skills, and abilities in 
exercise physiology and exercise techniques, gained from a dedicated college 
curriculum, to help others achieve improvements in health and fitness. 
3. 10 Repetition Maximum: The maximum weight that can safely be lifted for 10 
repetitions but not 11. 
4. Total Exercise Volume: The total exercise volume calculated as the total number 
exercise repetitions x exercise load (kg). 
5. Total Mood Disturbance (TMD): The calculation of mood changes associated 
with exercise measured by the Profile of Mood States (POMS). The calculation is 
derived from the sum of negative mood subscales minus the sum of positive mood 
subscales (Berger & Motl, 2000; Grove & Prapavessis, 1992). 
6. Total Enjoyment: The calculation of perceived enjoyment associated with 
exercise measured by the Modified Physical Activity Enjoyment Scale (PACES). 
The calculation is derived from the sum of positive and negative enjoyment 
responses (Motl et al., 2001). 
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7. Total Satisfaction: The calculation of perceived satisfaction associated with 
exercise measured by the Resistance Training Session Satisfaction Questionnaire 
(RTSQ). The calculation is derived from the sum of scored responses.  
Delimitations 
The delimitations of this study are as follows: 
1. Healthy, college-aged students will be used as subjects. 
2. The 10 RM will be used as a measure of muscular strength.  
3. The RPE will be used as a measure of effort. 
4. The POMS will be used as a measure of mood. 
5. The Modified PACES will be used as a measure of enjoyment. 
6. The LP, CP, SR, and SP exercises will be used as exercises during training 
sessions. 
7. A single exercise session will be used for the SELF, APP and COACH condition. 
8. Academically prepared, undergraduate and graduate, male and female fitness 
coaches will be used. 
9. One popular fitness app (Workout: Gym exercise tracker (v3.5) by © Fitness 22 
LTD.) will be used. 
Limitations 
The limitations of this study are as follows: 
1. The results may only be generalized to the college-aged population. 
2. Other means of fitness, such as muscular endurance (15-30 RM), may not follow 
similar outcomes. 
  
6 
3. The RPE measures perceived exertion, therefore other measures of effort may 
produce different outcomes. 
4. Other measures of mood may produce different outcomes. 
5. Other measures of enjoyment may produce different outcomes. 
6. Not all muscle groups will be trained, or 10 RM tested, and other exercises may 
yield different results. 
7. Results may not be applicable to extended training periods (i.e., weeks, months, 
years). 
8. The results may not be applicable to non-credentialed or otherwise prepared 
fitness coaches. 
9. Many other fitness apps are available for resistance training “guidance” and may 
yield different results. 
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Chapter 2 
REVIEW OF LITERATURE 
Introduction 
Exercise is a key strategy employed to combat physical inactivity and 
noncommunicable diseases, such as obesity, metabolic syndrome, and cardiovascular 
disease. Exercise provided by a certified fitness coach is an effective method for 
improving health and fitness markers such as increases in cardiorespiratory fitness, 
strength, lean muscle tissue, and decreases in sedentary behavior and fat mass. These 
benefits may have a direct impact on the prevalence of noncommunicable diseases. 
Exercise facilitated by fitness applications, operating on smartphones, is another method 
individuals are employing with the goal to increase overall fitness. Consequently, the use 
of fitness applications is growing due to the ubiquity of smartphones and the allure of 
guided exercise at one’s fingertips. There are many fitness apps available that help with 
different aspects of health and fitness such as tracking physical activity, monitoring 
caloric intake and weight loss, and learning exercises. This review examines societal need 
for exercise, fitness coaching effectiveness, apps and fitness, and exercise effects on 
mood will be briefly addressed. 
Societal Need for Exercise 
Noncommunicable Disease 
Noncommunicable diseases (NCDs) are the leading cause of death worldwide, 
causing 36 of the 57 million (63%) deaths. These include cardiovascular disease (CVD), 
diabetes, cancers, and chronic respiratory diseases, all of which are projected to increase 
in prevalence as populations age. Many cases of NCDs are preventable through the 
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reduction of tobacco and alcohol use, eating a healthy and balanced diet, and performing 
regular physical activity. Risk of developing NCDs can be dramatically reduced with 
participation in 150 minutes of moderate physical activity each week (Alwan, 2011). 
Unfortunately, many adults and most adolescents across the globe are not meeting 
physical activity guidelines (Troiano et al., 2008; World Health Organization [WHO], 
2017).  
Physical Inactivity 
Approximately 3.2 million people die each year due to complications arising from 
physical inactivity, and people who are physically inactive have a 20-30% increased risk 
of all-cause mortality (Alwan, 2011). The economic burden of physical inactivity 
worldwide totaled $67.5 billion in 2013 (Ding et al., 2016). Work from Troiano et al. 
(2008) demonstrated that 96.5% of American adults (ages 20-59) and 94.4% of 
adolescents (ages 16-19) did not meet physical activity guidelines when measured using a 
single waist-mounted, uniaxial accelerometer. These data were among the first in the 
United States to objectively measure physical activity using a representative sample of 
the country’s population. The 142nd provisional agenda of the World Health 
Organization (WHO, 2017) reported 23% of adults and 81% of adolescents world-wide 
are not meeting physical activity guidelines. One reason for such a large discrepancy in 
physical inactivity among adults as reported by WHO (2017) and Troiano et al. (2008) 
can be attributed to economic development throughout the world, which can change 
patterns of transportation such as utilizing automobiles or public transportation rather 
than walking or bicycling (WHO, 2017).  
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Overweight/Obesity 
The prevalence of obesity among adult males and females in the United States 
was 35% and 40%, respectively, and 17% in children and adolescents ages 2-19 years 
(Benjamin et al., 2017). Risk of developing heart disease, strokes, diabetes, and/or certain 
cancers increase with high body mass index (BMI) measures. Negative metabolic effects 
such as high blood pressure, elevated cholesterol and triglycerides, and insulin resistance 
can develop as a result of high BMI measures. Unfortunately, 2.8 million deaths occur 
each year as a result of a high BMI (Alwan, 2011). The United States’ annual cost of 
obesity and related comorbidities in 2010 was estimated to be $315.8 billion (Cawley, 
Meyerhoefer, Biener, Hammer & Wintfeld, 2015), which is projected to reach $861 
billion by 2030 (Wang, Beydoun, Liang, Caballero & Kumanyika, 2008).  
Metabolic Syndrome 
Individuals presenting with at least three of following risk factors; high 
triglycerides (≥150 mg/dL), low HDL cholesterol (<40 mg/dL for men and <50 mg/dL 
for women), high blood pressure (systolic ≥130 mm Hg and/or diastolic ≥85 mm Hg), 
elevated fasting glucose (≥100 mg/dL), and a large waist circumference (>40 inches in 
men and >35 inches for women), are categorized as having metabolic syndrome, which 
greatly increases the risk of developing CVD more than any single risk factor alone. 
Genetics and age are secondary risk factors for developing metabolic syndrome; 
however, a lack of physical activity also increases one’s risk due to its strong relationship 
with overweight and obesity (American Heart Association [AHA], 2017a). Metabolic 
syndrome affects approximately 23% of adults in the United States and places them at 
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higher risk for developing CVD, diabetes, and stroke (AHA, 2017a; Benjamin et al., 
2017).  
Cardiovascular/Heart Disease 
Globally, CVD was the most common underlying cause of death in the world in 
2013, accounting for 17.3 million of 54 million deaths, or 31.5% of all global deaths. 
Heart disease, a form of CVD, is the leading cause of death for men and women in the 
United States, accounting for approximately 630,000 deaths each year (Centers for 
Disease Control and Prevention [CDC], 2016). An average of 2,200 Americans die each 
day (1 death every 40 seconds) from CVD (Benjamin et al., 2017). African Americans, 
Hispanics, and Caucasians in the United States are at a higher risk for developing heart 
disease. Asian Americans or Pacific Islanders and American Indians or Alaska Natives, 
heart disease is second to cancer (CDC, 2016). The United States is projected to have 
43.9% of the population develop some form of CVD (Benjamin et al., 2017).  
The prevalence of the aforementioned NCDs demonstrate many individuals 
struggle with establishing healthy behavioral patterns, such as eating healthy and/or 
fitting quality physical activity and exercise into their daily lives. For assistance, they can 
turn to live (e.g., fitness coach) or virtual (e.g., app) resources.  
Fitness Coaching Effectiveness 
Fitness coaching is a service typically provided by educated individuals (e.g., 
personal trainers, fitness specialists, exercise professionals) trained in exercise 
physiology. Their aim is to promote healthy lifestyle choices and improve fitness levels, 
and evidence exists demonstrating the effectiveness of fitness coaching (Mazzetti et al., 
2000; Ratamess et al., 2008; Storer, Dolezal, Berenc, Timmins, & Cooper, 2014). For 
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example, health club members who utilized personal trainers (n = 17) improved more in 
fitness markers compared to health club members who self-directed (n = 17) their 
exercise program (Storer, Dolezal, Berenc, Timmins & Cooper, 2014). Participants were 
male health club members 30-44 years of age with a history of exercising 5-7 days per 
month over the course of the previous three months. All measurements were taken at 
baseline and again after the 12-week intervention. The periodization protocol was 
standardized for the group whom utilized personal trainers. Participants whom self-
directed their own resistance exercise were permitted to use training methods of their 
own choosing, but with the understanding that their primary goal was to increase lean 
body mass. The investigators reported individuals who utilized personal trainers 
increased lean body mass and appendicular lean tissue mass significantly more than the 
self-directed group as measured by dual-energy X-ray absorptiometry (DXA). Increases 
in lean muscle tissue is an advantageous effect of resistance training as high BMI values 
(i.e., higher fat to lean muscle tissue ratio) are established as a predictor of all-cause 
mortality (Di Angelantonio et al., 2016). Furthermore, the investigators reported 
significantly greater increases in muscle strength, power, and aerobic capacity in the 
personal trainer group than the self-directed group. These improvements in fitness 
markers are a desired outcome of a resistance training program as low muscular strength 
is associated with all-cause mortality independent of cardiorespiratory fitness, age, body 
fat, smoking, and alcohol consumption (Volaklis, Halle, & Meisinger, 2015). Work 
conducted by Storer et al. (2014) would indicate that personal trainers are more 
knowledgeable in how to effectively implement a resistance training regimen with the 
goal of increasing lean muscle tissue than self-directed resistance exercisers, which 
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clearly illustrates the benefits of employing a fitness coach to increase health and fitness 
markers.  
Similar research performed by Mazzetti et al. (2000) examined the effectiveness 
of direct supervision (n = 10) comparted to no supervision (n = 8) of resistance training 
on strength outcomes. Participants were men aged 18-35 years of age, with 1-2 years of 
resistance training experience, who never had worked with a fitness coach prior to the 
study. Their findings from a 12-week resistance training program demonstrated those 
using supervised exercise had a greater training load magnitude at the mid-point of the 
training program (7-weeks), performed heavier 1 RM loads in the squat and bench press, 
and had greater fat free mass gains (measured by electronic scale and seven-site caliper 
skinfold measurements) compared to unsupervised exercise. Accordingly, the authors 
concluded fitness coaching promotes increases in health and fitness markers. 
Researchers examined the effects of working with a fitness coach (n = 19) 
compared with never having worked with a fitness coach (n = 27) on self-selected 
resistance training loads in healthy females (Ratamess et al., 2008). Participants were 
health club members with at least three months of consistent resistance training. Self-
selected resistance training loads were measured by 10 repetition maximum (10 RM) 
loads in the chest press, seated row, leg press, and leg extension exercise. Participants 
were instructed to select a load they would typically perform in their workout for 
completion of 10 repetitions. Each participant was given multiple opportunities to select 
an appropriate weight (i.e., if the initial selection appeared too heavy or too light) without 
any additional information that could have introduced bias. Strength testing was 
measured via 1 RM five minutes after the self-selected resistance protocol utilizing the 
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aforementioned exercises and sequence. Findings indicated those who previously worked 
with personal trainers displayed significantly greater ability in 10 RM loads, 1 RM loads, 
relative intensity of loads, and worked at higher ratings of perceived exertions (RPE; 
Borg, 1998). Ratamess et al. (2008) clearly demonstrated the impact of utilizing a fitness 
coach on fitness outcomes.  
Health & Fitness Apps 
Health and fitness apps can be an attractive means of establishing healthy 
behaviors. Based on a systematic review of 27 app-based intervention studies, Schoeppe 
et al. (2016) suggested that app interventions can be potentially efficacious at improving 
diet, physical activity, and sedentary behaviors. Findings from a systematic review of 24 
app-based interventions revealed that app users demonstrate high acceptability (i.e., mean 
retention rate of 79.6%) in health interventions (Payne, Lister, West & Bernhardt, 2015). 
Furthermore, the authors found app-based interventions effective in supporting behavior 
changes by utilizing established strategies of behavior change such as self-monitoring, 
cues to action and feedback, and social support, in combination with established behavior 
change theories, such as social cognitive theory and self-determination theory. The 
authors concluded that app-based interventions have the potential to increase adherence 
to health behavior interventions. These findings demonstrate that apps should be a viable 
means to beginning and maintaining a health and fitness regimen. However, little is 
known about the effectiveness of fitness apps on resistance training outcomes. 
Perception of Effectiveness 
In addition to cardiorespiratory and musculoskeletal fitness, diet is also 
considered an essential aspect to overall health and fitness (AHA, 2017b; Thomas, 
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Erdman, & Burke, 2016; WHO, 2015). One method of measuring app effectiveness is 
simply by asking individuals using apps how effective they perceive them. Researchers 
administered a questionnaire to registered sport dietitians from Australia, Canada, New 
Zealand, the United Kingdom, and the United States regarding their use of diet apps 
(Jospe, Fairbairn, Green & Perry, 2015). The researchers found that of the 176 registered 
sport dietitians who took the survey, 32.4% (57/176) indicated they used smartphone diet 
apps to help assess and track the dietary intake of athletes. These diet app users reported 
28 different apps for client counseling. MyFitnessPal (© MyFitnessPal, Inc.) was the 
most popular diet app reported, used by 56% (32/57) of diet app users. In the previous 
three months, 23% (12/53) of diet app users had recommended diet apps to 20 or more 
clients. The majority of registered sport dietitians rated the effectiveness of diet apps in 
assisting with dietary assessment as “very effective” for their clients assessing their own 
diet more often than for themselves assessing the diet of their clients. Finally, 47% 
(25/53) of diet app users viewed diet apps as “better” and 42% (22/53) as “equivalent” 
compared with traditional dietary assessment of methods, such as manually recoding diet 
on paper. Only 11% (6/53) of diet app users rated the diet app as “worse” compared with 
traditional dietary assessment methods.  
Questionnaires to assess both dietary and physical activity apps was employed to 
assess perceived effectiveness among Norwegian young adults (n = 500) aged 18 to 35 
years old (Wang, Egelandsdal, Amdam, Almli & Oostindjer, 2016). Half of whom 
reported being an app user, and the other half a non-app user. A total of 186 diet app 
users and 192 physical activity app users answered the questionnaire and 128 reported 
using both diet and physical activity apps. Researchers discovered health and fitness apps 
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are largely perceived to be effective in helping with improving diet, physical activity, and 
sedentary behaviors (Wang, Q., et al., 2016). For example, more than half of diet app 
users felt that apps effectively assisted them to eat more fruits and vegetables (133/186, 
71.5%), less fast food (117/186, 62.9%), choose healthier food products (117/186, 
62.9%), and drink less sweetened beverages (106/186, 57%). The majority of physical 
activity app users felt that these apps effectively assisted them to exercise more often 
(144/192, 75%) and increase the intensity of exercise (139/192, 72.4%). More than half 
of physical activity app users found that these apps were effective in assisting them to 
increase time spent exercising (129/192, 67.2%).  
Constructs and Models of Behavior Change 
Health and fitness applications are ubiquitous but differ from one another in terms 
of user interface. Nevertheless, these apps share the common purpose of keeping users 
engaged and do so by implementing elements of behavior change theory. Commonly 
used models of behavior change, such as the health belief model, social cognitive theory, 
and the theory of planned behavior, for example, have been shown to increase physical 
activity behavior (Weinberg & Gould, 2011). However, relatively little is known about 
the effectiveness of behavior change techniques when employed via health and fitness 
apps (Conroy, Yang, & Maher, 2014; Hoj et al., 2017). 
The Coventry, Aberdeen, and London-Refined (CALO-RE) taxonomy (Michie et 
al., 2011), was used to characterize behavior change techniques of top-ranked mobile 
apps for physical activity in two prominent market places: Apple iTunes (iPhone, iOS) 
and Google Play (Android) (Conroy, Yang, & Maher, 2014). Their findings from 50 top-
ranked paid and 50 top-ranked free health and fitness apps (N = 200) revealed that apps 
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had anywhere from 1 and 13 behavior change techniques (M = 4.2, SD = 2.4). 
Furthermore, some behavior change techniques (i.e., feedback on performance, planning 
social support/change, setting graded tasks, providing information on when and where to 
perform the behavior) were more common in paid apps. However, one behavior change 
technique, teaching to use prompts/cues, was more common in free apps. The most 
common behavior change technique in physical activity apps from this study was 
educational and emphasized providing information or demonstration of specific physical 
activities. The authors posited that knowledge of how to perform a desired health 
behavior is necessary for behavior to change as knowledge contributes to task self-
efficacy, ultimately facilitating the intention to become physical active. However, the 
inconsistency in the number of behavior change techniques among different apps creates 
difficulty in understanding which behavior change technique works best and when. 
Understanding how apps motivate individuals is important but appears to be lacking 
scientific query. Therefore, it remains difficult to ascertain how efficacious mobile apps 
are at changing behaviors. 
Disease Management 
As more individuals begin to utilize apps to help guide them towards improving 
their own health and fitness, one must consider mechanisms explaining the efficacy of the 
apps. To date there are no published studies assessing app efficacy for improving 
resistance training outcomes in healthy adults. Recent research has aimed to identify 
health behavior interventions utilizing apps; however, these studies were done in diseased 
populations (Wang et al., 2014). Among the 16 original articles that Wang et al. (2014) 
reviewed, individuals with chronic diseases such as diabetes, mental health disorders, 
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obesity, cancer, and chronic obstructive pulmonary disease, did not utilize resistance 
training as a means to combat disease or reduce symptoms despite established research 
helping with these chronic conditions (Aguiar, Morgan, Collins, Plotnikoff & Callister, 
2014; Dâmaso et al., 2014; Liao et al., 2015; Singh, Clements, & Fiatarone, 1997; 
Strasser, Steindorf, Wiskemann, & Ulrich, 2013). Instead, Wang et al. (2014) indicated 
individuals used apps primarily as feedback tools that monitored diet, physical activity, 
blood glucose levels, or mental health status such as depression, anxiety, or stress, for 
example.  
The use of smartphone applications appears to be effective in managing the 
aforementioned diseases. Investigators from the Mobile Diabetes Intervention Study 
examined the efficacy of an app in 163 type 2 diabetic patients, aged 18-64 years, with 
glycated hemoglobin of at least 7.5% within the last three months (Quinn et al., 2011). 
Patients were randomized into one of four groups: group 1 was a control group receiving 
usual care (UC, n = 56), group 2 was coach-only (CO, n = 23), group 3 was a coach 
primary care provider (PCP) portal (CPP, n = 22), and group 4 was a coach PCP portal 
with decision-support (CPDS, n = 62). The intervention was a patient-coaching system 
and provided clinical decision support utilizing a mobile diabetes management software 
and web portal. The app allowed patients to enter diabetes self-care data such as blood 
glucose values, carbohydrate intake, and medications for example. A web portal 
augmented the app by means of secure messaging for patient-provider communication, 
personal health record data, and a learning library. Results from the 12-month 
intervention revealed mean glycated hemoglobin values decreased 1.9% in the CPDS 
group, which was a 1.2% greater mean decrease than UC group. Although it is difficult to 
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separate app and coach effect, data from Quinn et al. (2011) indicate that the use of an 
app in tandem with PCP communication helped reduce disease status with individuals 
with type 2 diabetes, which is deserving of further investigation. 
Another example for the successful use of smartphone applications managing 
chronic conditions comes from Varnfield et al. (2014). A total of 120 men and women 
who suffered a myocardial infarction within the last 10 weeks volunteered. Participants 
were randomly assigned to either the control group involving a traditional center-based 
cardiac rehab program group (TCR, n = 60), or the experimental group involving a 
smartphone-based home service delivery program (CAP-CR, n = 60). Measurements 
were taken at baseline, six weeks after cardiac rehab in their respective group, and 6-
months. Primary outcomes indicated that uptake and completion of cardiac rehab was 1.3 
times higher in the CAP-CR than TCR and adherence was 1.4 times greater in CAP-CR 
than TCR. Changes in secondary outcomes from baseline to the end of the six-week 
program indicated both groups had significant improvements in diet, mental health, 
triglyceride levels, and functional capacity as measured by a six-minute walk test. Both 
groups improved six-minute walk test values, and between-group differences in changes 
in clinical markers and quality of life scores were non-significant. The authors concluded 
a smartphone app-enabled home cardiac rehab program model is a valid means for 
rehabilitation and more effective at uptake, adherence, and completion of the rehab 
program than traditional cardiac rehab programs. 
Researchers examined the use of a smartphone app in 30 men clinically diagnosed 
with moderate-to-severe COPD (Wang, C., et al., 2014). Participants were randomly 
assigned into two groups, a control group (n = 24) and an app group (n = 24), and were 
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clinically stable for at least three months. Baseline measurements were taken and the 
control group continued with their regular hospital-based rehab program while the app 
group completed daily endurance exercise training under the guidance of the smartphone 
app. Baseline measurements demonstrated that both groups had similar COPD severity. 
The control group utilized an app which played music at a tempo specific to patients’ 
walking cadence at a speed that corresponded to 80% of their maximal capacity. Patients 
simply turned off the app when they no longer could keep up with the music. The app 
recorded the duration of the exercise session and transmitted this data to the clinic. 
Initially the cadence was reassessed and readjusted every four weeks for the first three 
months. Patients continued their endurance exercise program at home and returned to the 
clinic at one-, two-, three-, and six-months.  
The app group significantly increased walking distance at three- and six-months 
compared to baseline, whereas the control group walking distance declined at six-months 
(Wang, C., et al., 2014). Consequently, lower extremity muscle strength (measured by a 
handheld dynamometer) significantly increased from baseline to three- and six-month 
follow-up in the app group and was significantly greater than the control group who 
displayed no change in lower extremity strength throughout the study. Finally, C-reactive 
protein (CRP) decreased in the app group at two months and maintained this trend 
throughout the intervention while CRP levels in the control group increased at 3- and 6-
months compared to baseline. CRP levels in the control group was significantly increased 
compared to the app group.  
Researchers posited apps have the potential to stabilize daily functional activities 
of early breast cancer patients in a randomized controlled clinical trial (Egbring et al., 
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2016). Participants included 139 females mean age of 53 years (SD ±13 years) and were 
randomly assigned into groups A (n = 44), B (n = 46), and C (n = 49). Group A (control) 
received regular physician care. Group B (app) were instructed to use only the app 
without physician care. Group C (app and physician) used the app and reviewed the 
reported data with the treating physician. The app, built specifically for the study, 
allowed users to report daily functional activities and severity of adverse events on a 0-
100 scale similar to the paper questionnaire the control group used. All participants 
underwent three scheduled oncology visits on days 1, 21, and 42 for chemotherapy 
treatment independent from the study. Patients completed the questionnaire after each 
visit according to their respective group (i.e., paper or app). Results indicated supervised 
patients (Group C only) experienced significant benefit to daily functional activity 
compared to the unsupervised groups. The authors postulated the change as the ability to 
differentiate and communicate symptoms to their treating physician better than the 
unsupervised groups (Group A and B), consequentially facilitating better care and 
management from the physician and ultimately promote self-confidence.  
A systematic review of 41 intervention studies examining male and female 
children aged 5-19 years found app interventions have some efficacy at preventing and 
treating pediatric obesity (Turner, Spruijt-Metz, Wen & Hingle, 2015). The authors noted 
the most popular app intervention employed short message service (SMS), which had 
poor to moderate adherence and no effect on BMI, physical activity, or diet. However, 
apps involving games to encourage physical activity were successful in decreasing BMI 
and improving readiness to change physical activity behaviors but were not statistically 
significant compared to other app interventions. Apps involving games were described as 
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being more fun and motivational and therefore can be a viable option for improving BMI, 
physical activity levels, and diet in adolescents.  
Apps and Fitness 
App use among 11,651 healthy men and women (M = 41 years, SD ±12) 
demonstrated positive engagement in physical activity behavior (Guertler, Vandelanotte, 
Kirwan & Duncan, 2015). Investigators discovered a free and open-access app-based 
physical activity program was successful at engaging participants to achieve 10,000 
steps/day over four weeks. Furthermore, investigators found a combination of the app and 
internet-based logging of participants’ activity yielded better overall attrition rates, with 
an average intervention engagement of eight weeks, compared with just the app alone. 
The authors suggested that more tools to log activity, coupled with the ability to interact 
with peers in the program, proved beneficial to increasing physical activity behaviors. 
Unfortunately, no physiological data was collected that would represent any change in 
fitness markers. Little research has investigated whether fitness apps are effective in 
improving fitness markers among healthy individuals. 
Researchers found using an app, following American College of Sports 
Medicine’s (ACSM) evidence-based exercise guidelines, increases cardiorespiratory 
fitness (CRF) outcomes after two weeks (Rospo et al., 2016). Participants of this study 
were apparently healthy men and women age 20-55 years with no known chronic health 
conditions, cognitive impairments, and a body mass index (BMI) less than 35 kg/m2. This 
app group (CF-App; n = 17) was compared to two other groups: participants 
professionally supervised during cardiovascular exercise (Super-CF, n = 12); and those 
using an app with a 10,000 steps/day activity goal (Step-App, n = 16). The Step-App 
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group was asked to complete 10,000 steps/day with no specific instructions on how to 
complete the steps (i.e., walking and/or jogging/running) and did not receive reminders 
via the app to complete their steps. The Super-CF and CF-App group followed ACSM 
training intensity guidelines with the primary difference being the Super-CF group 
attended supervised sessions up to four-times per week, and the CF-App group received 
training feedback from the app. Anthropometrics (i.e., height, weight, BMI), resting 
blood pressure (BP), heart rate (HR), and CRF measurements were administered at 
baseline, one week into the intervention (pre-test), and two weeks after the intervention 
(post-test).  
Results revealed all three groups increased CRF as estimated by a treadmill walk 
test (Rospo et al., 2016). The Step-App group attained the least CRF benefit as measured 
by oxygen consumption (+0.95 mL/kg/min), the CF-App group attained the next highest 
benefit (+1.70 mL/kg/min), and the Super-CF group attained the highest benefit (+1.85 
mL/kg/min). Post-hoc analysis showed a significant difference between Step-App group 
when compared with the Super-CF group. The HR rest decreased significantly in the 
Super-CF group (-7.84 bpm) compared with Step-App group (-2.74 bpm) and the CF-
App group (-3.33 bpm). Peak HR observed during the squat test decreased in all three 
groups as a result of their respective conditions. Recovery HR decreased in all three 
groups with the Super-CF group attained the largest effect at one minute and three 
minutes during recovery (1 min = -11.71 bpm; 3 min = -10.17 bpm), followed by Step-
App group (1 min = -5.01 bpm; 3 min = -3.31 bpm), and then the CF-App group (1 min = 
-3.42 bpm; 3 min = -4.87 bpm), indicating improvements in CRF. Resting systolic BP 
resulted in a small yet significant decrease in the CF-App (-3.23 mm Hg) and Super-CF 
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group (-5.75 mm Hg) (p = .03) and diastolic BP decreased in all three groups (Step-App: 
-2.12 mm Hg; CF-App: -4.31 mm Hg; Super-CF: -3.54 mm Hg). The authors maintained 
the use of a scientifically endorsed cardiorespiratory training app can improve CRF and 
health-related markers. 
Unfortunately, most apps on the market do not greatly consider fitness principles 
or evidence-based exercise programing (Modave et al., 2015). Investigators examined the 
quality of free health and fitness apps and devised a scoring method based on the 
ACSM’s principles of exercise prescription – frequency, intensity, time, and type (FITT) 
(Modave et al., 2015). Modave and colleagues’ (2015) scoring methodology to evaluate 
fitness apps included the following components: (1) aerobic (0-6 scale); (2) 
resistance/strength (0-6 scale); and (3) flexibility (0-2 scale), with an overall score of 14 
possible. Their inclusion criteria included Apple iPhone apps relating to performing 
exercises and was searched within Apple’s App Store health and fitness, most popular, 
and free categories. They suggested, of the 30 apps meeting inclusion criterion, only one 
app scored above 50% and included all ACSM’s exercise components. Furthermore, 
these investigators noted some exercises used by the highest scoring app, such as 
plyometrics, might be detrimental to a beginner’s health and safety due to inherent 
difficulty. Accordingly, they supported the use of fitness apps may not be best for 
beginners. In conclusion, investigators found most fitness apps do not apply quality 
evidence-based practice and may be potentially harmful based on their scoring method 
(Modave et al., 2015).  
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Fitness Apps vs. Fitness Coaching Costs 
An alternative to using a fitness app is working with an educated and credentialed 
fitness coach promoting improvements in fitness. However, there is usually a cost 
associated working with a fitness coach. These costs vary depending on geography (i.e., 
city vs suburban), industry (i.e., private vs commercial), and group size (i.e., 1:1 vs 
upwards of 20:1 client to coach ratio). Conversely, fitness apps are typically much less 
costly, including many available at no cost. However, additional features, such as 
additional exercises, exercise instructions, and specialty workouts for example, are 
available at an additional cost. Regardless, the price of an app is typically much cheaper 
than in-person fitness coaching on a session-to-session basis. However, it is still unknown 
if fitness apps are an effective means for improving resistance training fitness markers 
compared to employing a fitness coach. 
Exercise and Mood 
There is a wealth of research demonstrating that exercise can improve mood 
(Reed & Ones, 2006). However, intense exercise may have a negative effect on 
psychological state (Mashiko, Umeda, Nakaji & Sugawara, 2004). Therefore, careful 
consideration of intensity should be employed to elicit a positive mood change, which 
can be measured by a number of scales practitioners and researches use to assess mood 
and mental acuity. One such scale is the Profile of Mood States (POMS), which was 
employed by Herring and O’Connor (2009). These investigators demonstrated increases 
in feelings of energy during and after a bout of moderate- to high-intensity resistance 
exercise in physically inactive college-aged females (N = 14) in a repeated measures 
cross-over design. Participants had reported persistent feelings of fatigue and low energy 
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during the previous month, defined as a raw score of > 17 on the vitality scale of the SF-
36 Health Survey (Standard SF-36, Booklet Form; Ware, 2000). The experiment involved 
three testing conditions using the seated leg press, seated leg extension, and seated leg 
curl in the high- and low-intensity sessions. The authors found increases in feelings of 
energy during and after a bout of moderate- to high-intensity resistance exercise; 
however, reported feelings of fatigue had no effect on acute bouts of moderate- to 
intense-resistance exercise. The authors noted fatigue scores were lower during and after 
low-intensity (15% 1 RM) resistance exercise. They speculate that low-intensity 
resistance exercise may act as a minimal intervention that improves feelings of fatigue in 
physically inactive, persistently fatigued, novice exercisers. Herring and O’Connor 
(2009) were able to demonstrate the sensitivity of the POMS during resistance exercise 
sessions.  
There is limited research regarding fitness apps’ effect on mood. Existing 
experiences using health-related apps, and users’ views regarding features, technologies, 
and capabilities that characterize current or future apps were explored among 19 college 
students and staff (Dennison, Morrison, Conway & Yardley, 2013). Most participants 
previously tried health and fitness apps with many females reported using calorie 
counting apps to help with weight loss and many males reported using apps that 
supported physical fitness. Participants were split into four focus groups led by a 
researcher presenting trigger material regarding features and capabilities of varying 
health and fitness app. Common themes of barriers, concerns, and opportunities were 
deduced using inductive thematic analysis. A summary of these themes included, but not 
limited to, (1) tracking features has the potential to trigger negative emotions, (2) context 
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sensing can be perceived as “gimmicky”, unreliable, and unnecessary, (3) context sensing 
could have negative consequences including irritation, poor mood, and more unhealthy 
behavior, (4) prompts or reminders can be useful but can also be annoying or perceived 
as nagging, and (5) safe and accurate app content is a concern to many. Although the 
authors’ sample size was small, it does reflect a subset of the population that use health 
and fitness apps regularly. Therefore, the aforementioned barriers, concerns, and 
opportunities have the potential to alter mood, which might cause the user to cease using 
the app. It remains unclear if differences in mood would occur during or after an acute 
bout of exercise utilizing a fitness app compared to an actual fitness coach. 
Summary 
There is a societal need for improved exercise habits to combat noncommunicable 
diseases, such as obesity, metabolic syndrome, and cardiovascular disease. Research has 
demonstrated fitness coaching is effective for improving health and fitness markers 
thereby reducing the prevalence of noncommunicable diseases.  
Many have adopted health and fitness apps in effort to improve health and fitness 
outcomes, but it remains unclear whether utilizing a fitness app is equal to utilizing an 
educated and credentialed fitness coach in improving resistance exercise outcomes. 
Therefore, the purpose of this study was to investigate the effect of using a fitness 
software application compared to a fitness coach on resistance exercise session efficacy. 
It is hypothesized that using fitness coaches will demonstrate greater effects than their 
virtual counterparts. This is an important area of research as it will permit better 
understanding of the efficacy of fitness apps and the benefits of utilizing them for 
achieving resistance training effectiveness. 
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Chapter 3 
METHODS 
The purpose of this study was to examine the effect of using a fitness software 
application compared to a fitness coach on resistance exercise session efficacy. A three-
visit, repeated measures experimental design was used to compare results from self-
directing a resistance training session to that of a virtual or actual fitness coach. The study 
protocol was approved by Ithaca College’s Institutional Review Board. The remainder of 
this chapter describes the participants, procedures, fitness app software, and statistical 
analysis used in this study.  
Participants 
A sample of healthy, college-aged, men (n = 7) and women (n = 9) volunteered to 
participate in this study. Participants were recruited via paper flyers, emails, and word of 
mouth at Ithaca College, Ithaca, New York. Interested participants were screened using 
the Physical Activity Readiness Questionnaire for Everyone (PAR-Q+; Appendix A) 
(ACSM, 2016a). Participants were required to sign an informed consent as approved by 
the institution’s review board (Appendix B). An attempt was made to blind participants to 
the study’s primary goals and hypotheses in an effort to minimize bias potentially 
compromising the study. G*Power Ó (v3.1.9.3) was used to compute sample size 
estimates, at an alpha of 0.05 and a power of 0.95, using means and standard deviations 
data (Ratamess, Faigenbaum, Hoffman, & Kang, 2008) for leg press (LP), chest press 
(CP), and seated row (SR). Participant descriptive statistics, expressed as means and 
standard deviations, are reported in Table 1.
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Table 1 
Descriptive Statistics of Participants 
Measure All Participants Female Male 
 (N = 16) (n = 9) (n = 7) 
Age (yrs) 19.50 ± 1.51   20.11 ± 1.54   18.71 ± 1.11 
Height (cm) 168.12 ± 10.31 160.37 ± 4.42 178.07 ± 5.82 
Mass (kg)   69.40 ± 11.07   63.28 ± 8.31   77.27 ± 9.27 
BMI (kg/m2) 24.57 ± 3.55   24.75 ± 4.37   24.34 ± 2.43 
Note: all values are mean ± standard deviation 
 
Inclusion criteria for participants (N = 16) were: (1) not utilized a fitness app for 
guidance on resistance training at any previous time; and (2) not utilized a fitness coach 
for guidance on resistance training at any previous time. Participants were screened and 
excluded from the study if they reported taking any medications or nutritional 
supplements known to affect exercise performance. They were also excluded if they 
reported any abnormal responses to physical activity or any medical or orthopedic 
conditions that could potentially compromise their health or performance during this 
study.  
Procedures 
At the first visit, and all subsequent visits, participants reported to the Ithaca 
College Robert R. Colbert Sr. Wellness Clinic. Experimental procedures were explained 
and participants read and signed the informed consent and completed the PAR-Q+ to 
determine if they were physically healthy enough to participate. On this visit, and every 
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subsequent visit, participants completed a 24-hour Health History Form (Appendix C). 
Participants who performed prior exercise that could influence their ability to complete 
the required protocols were either rescheduled or removed from the study. After the trials 
were explained, questions answered, and paperwork completed, participant height and 
weight were measured. An overview of the testing procedures can be found in Table 2. 
 
Table 2   
Testing Schedule 
Visit Visit Overview Visit Details 
1 Familiarization Informed Consent 
PAR-Q+ 
Medication/Supplementation Screen 
Anthropometry 
Exercise Familiarization 
Strength Testing (10 RM) 
2 Trial 1 Data Collection SELF Resistance Exercise  
3 Trial 2 Data Collection APP or COACH Resistance Exercise 
4 Trial 3 Data Collection APP or COACH Resistance Exercise 
Note: SELF (self-directed), APP (software application), COACH (fitness coach) 
 
The remainder of the first visit was used to familiarize participants with the 
resistance exercises and to establish a 10 RM, which was used to calculate load for the 
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experimental trials. First, participants completed a standardized warm-up consisting of 
five minutes of treadmill walking at a self-selected pace. This warm-up was used before 
all subsequent trials. After the warm-up, participants underwent familiarization for the 
following exercises: leg press (LP), chest press (CP), seated row (SR), and shoulder press 
(SP). Machine seat settings were determined and recorded for future use. With no 
external load selected, participants performed one- to two-sets of 10 repetitions with one 
minute rest given between sets. Total exercise volume was an outcome variable being 
measured during the experimental trials; therefore, the familiarization visit was to assure 
exercise form was correct and safe without biasing participants load selection during 
subsequent trails. At this time, a tablet containing the fitness app (Workout: Gym 
exercise tracker (v3.5) by © Fitness 22 LTD) was introduced to participants. Participants 
were instructed on how the app operates and questions were answered on its utility.  
Exercises chosen were machine-based (Cybex; Rosemont, Illinois) due to the 
relative simplicity of properly executing these exercises compared to free-weights. In 
addition, participants were more likely to learn how to execute exercises safely using 
machine-based rather than free-weight exercises. Proper form was emphasized and 
explained for all exercises. An exercise form checklist (Appendix D) was utilized in 
subsequent trials to objectively measure and score correct form, which provided insight 
and discussion points for outcome variables. Any given exercise contained multiple 
components to score independently (i.e., body part placement/alignment, body part range 
of motion, etc.) for each set and a total score for each exercise was summed. Correct form 
was dichotomously scored during experimental trials using the following scale: 1 = 
performed correctly, and 0 = performed incorrectly. The sum of all exercises was then 
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calculated for each condition with higher scores indicating better form than lower scores. 
Once good exercise form instruction for all exercises was complete, participants 
underwent strength testing.  
Strength Testing (10 RM) Protocol 
On the first visit, after undergoing form familiarization, all participants were 
asked to carefully choose a load they believed they could lift with good form for 10 
repetitions but could not perform an 11th repetition without sacrificing proper form. This 
was done for the LP, CP, SR and SP exercises. Ten repetitions were selected due to 
frequency of use for resistance training programs according to experts (Kraemer & 
Ratamess, 2004; ACSM, 2016b). Participants were allowed to choose a different load if 
they felt the load previously chosen was not challenging or too difficult. However, to 
minimize muscular fatigue, no more than five self-selected attempts were allowed. Each 
participant was instructed to perform the repetitions at a cadence of a 2:1:2; two-seconds 
eccentric, one-second pause, and a two-seconds concentric measured by a metronome 
while moving through a complete range of motion. Exercise order was LP, CP, SR, and 
SP. This order was chosen to minimize fatigue from antagonist muscle groups. 
Participants were given three to five minutes of rest between attempts of self-selected 
loads of the same exercise, and between subsequent exercises, to optimize results. After 
ascertaining participant 10 RM, a 1 RM was estimated using NSCA’s methods (Baechle, 
Earle & Wathen, 2008, Table 15.8). Training loads were then calculated as 75% of 1 RM 
for the LP and 65% of 1 RM was chosen for the remaining exercises. These loads were 
used in subsequent experimental trial workloads. The first trial visit was always the self-
directed (SELF) resistance exercise workout. The second trial visit was assigned in a 
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partially randomized fashion and consisted of the experimental exercise trials utilizing 
either a fitness coach (COACH) or a fitness app (APP). The third and final trial visit used 
the remaining experimental condition (COACH or APP). Participants’ 1 RM and trial 
load values are reported in Table 3. 
 
Table 3 
Descriptive Statistics of Strength Testing 
Measure 
 
All Participants 
(N = 16) 
Female 
(n = 9) 
Male 
(n = 7) 
LP Predicted 1 RM 164.06 ± 46.77 133.57 ± 26.60 203.25 ± 36.62 
CP Predicted 1 RM   53.98 ± 23.93 34.85 ± 6.82   78.57 ± 10.73 
SR Predicted 1 RM   56.39 ± 17.79 43.68 ± 5.77   72.73 ± 13.89 
SP Predicted 1 RM 28.27 ± 9.99 20.71 ± 4.01 37.99 ± 5.67 
LP Trial Load 123.04 ± 35.09 100.18 ± 19.96 152.44 ± 27.46 
CP Trial Load   35.09 ± 15.55 22.65 ± 4.43 51.07 ± 6.97 
SR Trial Load   36.65 ± 11.56 28.39 ± 3.74 47.27 ± 9.03 
SP Trial Load   8.37 ± 6.49 13.46 ± 2.61 24.68 ± 3.72 
Note: all values are mean ± standard deviation; values reported in kg; 1 RM (1 repetition 
maximum); LP (leg press); CP (chest press); SR (seated row); SP (shoulder press) 
 
Experimental Trials 
The three resistance training trails (i.e., SELF, APP, and COACH) were 
structured with identical exercises. The SELF trial was consistently the first trial visit, 
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whereas the APP and COACH trials were administered in a partially randomized and 
balanced fashion to minimize potential learning effects. The SELF trial occurred at least 
four days after the initial visit (i.e., familiarization and 10 RM) to ensure participants 
were fully recovered. Trial visits were also be separated by at least four days and each 
began with the standardized warm-up immediately followed by the resistance training 
protocol. Each of the four exercises (LP, CP, SR, SP) were administered for three sets at 
their corresponding percentage of predicted 1 RM with one minute rest between sets and 
three minutes rest between each exercise. A modified, 10-point, Borg’s Ratings of 
Perceived Exertion (RPE) scale (Borg, 1998) was administered after the final set of each 
exercise.  
The Abbreviated Profile of Mood States (POMS; Appendix E) was administered 
directly before and after each experimental trial and differences in total mood 
disturbances (TMD) were calculated. The POMS measures tension, depression, anger, 
fatigue, confusion, vigor, and overall mood disturbances (Grove & Prapavessis, 1992). 
The POMS has been employed in research for over 45 years and has been found to be a 
valid and reliable measure of mood among different exercise modalities in both clinical 
and normal populations of varying demographics (Berger & Motl, 2000). Calculation of 
total mood disturbance was derived from the sum of negative mood subscales minus the 
sum of positive mood subscales. Negative mood subscales include tension (TEN), 
depression (DEP), anger (ANG), fatigue (FAT), and confusion (CON). Positive mood 
subscales include vigor (VIG) and esteem-related affect (ERA) (Berger & Motl, 2000; 
Grove & Prapavessis, 1992). The Modified Physical Activity Enjoyment Scale (PACES; 
Appendix F) was administered directly after each trial and perceived total enjoyment was 
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calculated. The calculation of perceived total enjoyment was derived from the sum of 
positive and negative enjoyment responses (Motl et al., 2001). Finally, a resistance 
training satisfaction questionnaire (RTSQ; Appendix G) was created (with only face 
validity) for this study as no reliable and validated questionnaire was available. The 
RTSQ was administered directly after each trial and perceived satisfaction associated 
with the exercise session was calculated. The calculation of perceived satisfaction was 
derived from the sum of scored responses. Satisfaction was measured using a 2-item 
questionnaire on a five-point Likert Scale (1 = very dissatisfied; 5 = very satisfied).  
Only academically prepared fitness coaches were utilized during this study. A 
fitness coach was assigned at random to deliver the exercise session during the COACH 
condition. All participants indicated that the sex of the fitness coach would not influence 
their exercise performance or mood. The use of multiple fitness coaches, rather than a 
single fitness coach, afforded the present study to be better generalized. During the 
COACH trial, fitness coaches provided ongoing communication and education in the 
form of exercise feedback. Moreover, motivation, encouragement, and small talk if 
appropriate was permitted as is typical during a fitness coaching session. In other words, 
fitness coach behavior was not strictly manipulated and fitness coaches operated as usual 
and according to industry standards, with the exception that coaches were directed not to 
discuss anything related to fitness apps, smartphones and tablets. This approach afforded 
ecological validity to our fitness coaching condition. During the APP condition, a 
research assistant was present solely to monitor exercise technique via the exercise 
technique checklist and record load volume for each exercise and set. The research 
assistant made every effort to remain out of direct line of sight from participants as to 
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avoid influencing participants in any way. Participants were told the research assistant 
was counting reps and sets and were instructed to ignore the research assistant. The 
research assistant did not engage with participants during the exercise trial. Therefore, no 
form corrections or exercise explanation was provided by the research assistant during 
exercise trials. 
Fitness Application Software 
The APP condition utilized a popular health and fitness application (Workout: 
Gym Exercise Tracker (v3.5) by © Fitness 22 LTD). This app was chosen because (1) it 
was free and anyone using a compatible Apple iPhone or iPad device could download 
and use it; (2) it was ranked in the top 50 health and fitness apps at the time this study 
was proposed (June 2018); (3) it was the only known free app in the top 50 health and 
fitness apps that permitted the user to view written, image- and video-based examples of 
how to perform exercises; (4) it permitted the user to record the training session by 
logging exercise sets, reps, and weight; and (5) it enabled custom training programs, 
which permitted programming for the present study. During the APP trial, participants 
were provided a tablet with the app installed. Participants received no further instructions 
for exercise from study the coordinator beyond what the app instructed them to do. In 
other words, the app was intended to be used as a virtual coach for guidance on exercise 
order, form and execution, sets, tempo, and rest. 
Statistical Analyses 
The primary outcome measure of this study was total exercise volume, which was 
calculated for each exercise as total number exercise repetitions x exercise kg load, and 
ultimately expressed as a mean and standard deviation for each exercise. Total exercise 
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volume was assessed for normality before parametric statistical analysis. Mauchly’s Test 
of Sphericity was used in circumstances where variables violated assumptions of non-
normal distribution. In such cases, the Greenhouse-Geisser was used to combat the 
violation of sphericity; therefore, the calculation of parametric statistics was deemed 
appropriate. Differences in total exercise volume (for LP, CP, SR, and SP) was compared 
between SELF, APP, and COACH trials using a one-way repeated measures analysis of 
variance (ReANOVA). A significance level of α = 0.05 was chosen for all analyses. 
Effect sizes were also calculated using Cohen’s d and partial Eta-squared (h2p) where 
appropriate.  
Secondary outcome measures of this study were RPE, mood, enjoyment, and 
satisfaction. Ratings of perceived exertion was calculated from Borg’s modified RPE by 
taking the score reported for each exercise. Total mood disturbance (TMD) was 
calculated from the abbreviated POMS by: TMD = [TEN+DEP+ANG+FAT+CON] - 
[VIG+ERA]. Differences in TMD was compared between SELF, APP, and COACH 
trials using a 2 (pre-post) x 3 (trials) ReANOVA. A significance level of α = 0.05 was 
chosen for all analyses. Effect sizes were also calculated using Cohen’s d and partial Eta-
squared (h2p) where appropriate. Total enjoyment was calculated from the modified 
PACES by taking the sum of scored responses. Total satisfaction was calculated from the 
RTSQ by taking the sum of the scored responses. Total exercise form was calculated 
from the exercise form checklist by taking the sum of each exercise. Mauchly’s Test of 
Sphericity was used in circumstances where variables violated assumptions of non-
normal distribution. In such cases, the Greenhouse-Geisser was used to combat any 
violation of sphericity; therefore, the calculation of parametric statistics was deemed 
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appropriate. Differences in the remaining secondary outcome variables was compared 
between SELF, APP, and COACH trials using a one-way ReANOVA. A significance 
level of α = 0.05 was chosen for all analyses. Effect sizes were also calculated using 
Cohen’s d and partial Eta-squared (h2p) where appropriate.  
Summary 
The purpose of this study was to examine the effect of using a fitness software 
application compared to a fitness coach on resistance exercise session efficacy in college-
aged individuals. A three-visit, repeated measures experimental design was used to 
compare results from self-directing (SELF) a resistance training session to a virtual 
(APP) or actual (COACH) fitness coach on total exercise volume, average exercise RPE, 
total mood disturbances, exercise trial enjoyment, and exercise trial satisfaction. 
Repeated measures ANOVAs were used to compare all outcome variables between the 
SELF, APP, and COACH trials. 
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Chapter 4 
RESULTS 
The purpose of this study was to examine the effect of using a fitness software 
application compared to a fitness coach on resistance exercise session efficacy. A three-
visit, repeated measures experimental design was used to compare results from a self-
directed (SELF) resistance training session to a virtual (APP) or actual (COACH) fitness 
coach. This chapter presents descriptive statistics and repeated measures analysis of 
variance (ReANOVA) organized by dependent variables: exercise volume, ratings of 
perceived exertion (RPE), profile of mood states (POMS), exercise trial enjoyment, and 
exercise trial satisfaction. Finally, total exercise form was analyzed using a one-way 
ReANOVA. 
Exercise Volume 
A one-way ReANOVA was conducted on total exercise volume (i.e., [total 
number exercise repetitions] x [exercise kg load]) between conditions (i.e., SELF, APP, 
COACH). Mauchly’s test indicated assumptions of sphericity were not violated. Results 
revealed a significant main effect (F(2, 30) = 3.33, p = 0.05, h2p = 0.182) (Table 4). Post-
hoc comparisons analyses using Bonferroni corrections were unable to locate the source 
of difference among the three conditions (p > 0.05). However, mean values (Table 5) 
showed the COACH condition displayed 10.7% greater total exercise volume than SELF, 
and 8.5% greater total exercise volume than APP (Table 6). Furthermore, the APP 
condition displayed 2.5% greater total exercise volume than the SELF condition.
One-way ReANOVA were also conducted on exercise volume on each exercise 
(i.e., LP, CP, SR, and SP) across conditions (Table 4). Mauchly’s test indicated 
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assumptions of sphericity were not violated for any of the analyses. Analysis of the LP 
and CP exercises revealed no significant main effect (p > 0.05) for exercise volume; 
however, both SR and SP exercises did show a significant main effect for exercise 
volumes (F(2, 30) = 4.67, p = 0.017, h2p = 0.237) and (F(2, 30) = 5.85, p = 0.007, h2p = 
0.281), respectively.  
 
Table 4 
ReANOVA for Total and Individual Exercise Volumes 
  SS df MS F p h2p 
Total Trial 6.505 x 106   2.00 3.252 x 106 3.326  0.050* 0.182 
 Residual 2.933 x 107 30.00 977781.26    
LP Trial 3.706 x 106   2.00 1.853 x 106 2.321  0.116 0.134 
 Residual 2.395 x 107 30.00 798341.47    
CPa Trial     7096.87   1.19     5970.90 0.357  0.594 0.023 
 Residual 297888.84 17.83   16708.43    
SR# Trial 180494.43   2.00   90249.22 4.665  0.017* 0.237 
 Residual 580428.75 30.00   19347.63    
SP# Trial   43528.24   2.00   21764.12 5.849  0.007* 0.281 
 Residual 111635.26 30.00     3721.18    
Note: N = 16; exercise volume = [total number exercise repetitions] x [exercise kg load]; 
LP (leg press); CP (chest press); SR (seated row); SP (shoulder press); a = Greenhouse-
Geisser correction applied; * = p ≤ 0.05; # = significant post-hoc analysis result (p ≤ 0.05) 
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Table 5 
Descriptive Data for Total and Individual Exercise Volumes  
 SELF APP COACH Main Effect 
    p-value 
Total 
   7145.74 
± 2149.25 
   7317.80 
± 2019.88 
   7998.34 
± 2570.05 
  0.050* 
LP 
   4578.22 
± 1733.65 
   4624.25 
± 1490.60 
   5189.36 
± 1937.43 
0.116 
CP 
     967.06 
  ± 422.44 
     970.01 
 ± 440.93 
     994.20 
  ± 474.95 
0.702 
SR 
   1146.22 
  ± 259.69 
  1206.62 
 ± 316.86 
    1295.53 
   ± 370.03 
  0.017* 
SP 
     454.23 
  ± 184.90 
    516.92 
 ± 228.69 
      519.25 
   ± 256.03 
  0.007* 
Note: N = 16; all values are mean ± standard deviation in kg; exercise volume = [total 
number exercise repetitions] x [exercise kg load]; LP (leg press); CP (chest press); SR 
(seated row); SP (shoulder press); Self-Directed (SELF); Software Application (APP); 
Fitness Coach (COACH); * = p ≤ 0.05 
 
Post-hoc comparisons analysis for the SR exercise revealed significant differences 
of exercise volume between SELF and COACH conditions (p = 0.044) with a moderate 
effect size (Cohen’s d = -0.689). This equates to the COACH condition yielding 
approximately 11.5% greater total SR volume than the SELF condition (Table 6). Post-
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hoc comparisons analysis for the SP exercise revealed significant differences of exercise 
volume between SELF and APP conditions (p = 0.012) with a large effect size (Cohen’s 
d = -0.846). This equates to the APP condition yielding approximately 12% greater total 
SP volume than the SELF condition (Table 6). Furthermore, a trend (p = 0.063) for 
greater total SP volume occurred between the COACH and SELF conditions with 
approximately 12.5% greater volume in the COACH condition (Table 6). 
 
Table 6 
Percent Difference and Effect Sizes for Total and Individual Exercise Volumes 
 
COACH > SELF 
(Cohen’s d) 
COACH > APP 
(Cohen’s d) 
APP > SELF 
(Cohen’s d) 
Total         10.7%   (-0.543)         8.5%   (-0.539)          2.5%   (-0.128) 
LP        11.8%   (-0.437)       10.9%   (-0.523)          1.0%   (-0.036) 
CP          2.7%   (-0.155)         2.4%   (-0.153)          0.3%   (-0.048) 
SR        11.5%*   (-0.689)         6.9%   (-0.402)          5.0%   (-0.424) 
SP        12.5%‡   (-0.645)         0.5%   (-0.029)        12.0%*   (-0.846) 
Note: N = 16; exercise volume = [total number exercise repetitions] x [exercise kg load]; 
> = greater volumes observed; LP (leg press); CP (chest press); SR (seated row); SP 
(shoulder press); Self-Directed (SELF); Software Application (APP); Fitness Coach 
(COACH); * = p ≤ 0.05; ‡ = approached significance (p = 0.063) 
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Ratings of Perceived Exertion 
Ratings of perceived exertion was measured after the final (i.e., third) set of each 
exercise. A one-way ReANOVA were conducted on average exercise RPE between 
conditions. Mauchly’s test indicated assumptions of sphericity were not violated. Results 
revealed a significant main effect (F(2, 30) = 6.629, p = 0.004, h2p = 0.306) (Table 7).  
 
Table 7 
ReANOVA for Average and Individual Exercise Rating of Perceived Exertion 
  SS df MS F p h2p 
Average Trial      4.38   2.00 2.19 6.629   0.004* 0.306 
 Residual      9.90 30.00 0.33    
LP Trial      2.57   2.00 1.29 1.970 0.157 0.116 
 Residual    19.59 30.00 0.65    
CP Trial      6.17   2.00 3.08 5.000   0.013* 0.250 
 Residual    18.50 30.00 0.62    
SRa Trial      7.04   1.39 5.05 5.382   0.021* 0.264 
 Residual    19.63 20.90 0.94    
SP Trial      4.04   2.00 2.02 2.939  0.068‡ 0.164 
 Residual    20.63 30.00 0.69    
Note: N = 16; LP (leg press); CP (chest press); SR (seated row); SP (shoulder press);  
a = Greenhouse-Geisser correction applied; * = p ≤ 0.05; ‡ = approached significance  
(p = 0.068) 
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Post-hoc comparisons analysis revealed greater average RPE scores in the APP 
condition compared to the SELF condition (p = 0.028; Cohen’s d = -0.746) and greater 
average RPE scores were also observed in the COACH condition compared to the SELF 
condition (p = 0.008; Cohen’s d = -0.894) (Table 8). 
 
Table 8 
Descriptive Data for Average and Individual Exercise Rating of Perceived Exertion 
 SELF APP COACH Main Effect 
    p-value 
Average 6.781 ± 1.630   7.313 ± 1.639b   7.492 ± 1.682a   0.004* 
LP 6.688 ± 1.621 7.125 ± 1.996  7.219 ± 1.779 0.157 
CP 6.875 ± 1.544 7.375 ± 1.586   7.750 ± 1.238a   0.013* 
SR 6.438 ± 2.159 6.938 ± 1.731   7.375 ± 2.306a   0.021* 
SP 7.125 ± 1.928 7.813 ± 1.642  7.625 ± 1.857  0.068‡ 
Note: N = 16; all values are mean ± standard deviation; LP (leg press); CP (chest press); 
SR (seated row); SP (shoulder press); Self-Directed (SELF); Software Application 
(APP); Fitness Coach (COACH); a = COACH > SELF (p ≤ 0.05); b = APP > SELF  
(p ≤ 0.05); * = p ≤ 0.05; ‡ = approached significance (p = 0.068) 
 
One-way ReANOVAs were also conducted for RPE on each exercise across 
conditions. Mauchly’s test indicated assumptions of sphericity were not violated. 
Analysis of both LP and SP exercises revealed no significant main effect (both p-values  
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> 0.05); however, the SP exercise did approach significance (p = 0.068). Results of the 
CP analysis show a significant main effect (F(2, 30) = 5.00, p = 0.013, h2p = 0.250). Post-
hoc comparisons analysis revealed significantly greater RPE scores in the COACH 
condition when compared to the SELF condition (p = 0.024) with a moderate effect size 
(Cohen’s d = -0.763). Analysis of the SR data revealed sphericity was violated and a 
Greenhouse-Geisser correction was applied. Results indicated there was a significant 
main effect (F(1.393, 20.902) = 5.530, p = 0.021, h2p = 0.264) and post-hoc comparisons 
revealed significantly greater RPE scores in the COACH condition compared to the 
SELF condition (p = 0.009) with a large effect size (Cohen’s d = -0.882). 
Profile of Mood States 
Mood was assessed using the POMS TMD scale and a 2 x 3 (time x trial) 
ReANOVA was conducted on time (i.e., pre-exercise POMS TMD vs. post-exercise 
POMS TMD) between SELF, APP, and COACH conditions (Table 9). Mauchly’s test 
indicated assumptions of sphericity were not violated. A significant condition by time 
interaction (F(2, 30) = 3.878, p = 0.032, h2p = 0.205) was found, indicating improvements 
in mood varied based on condition after resistance training. Comparison analyses 
conducted on pre- versus post-resistance exercise POMS TMD scores for each condition 
(Table 10) revealed significant mood improvements over time for APP (p = 0.006) and 
COACH (p = 0.010) conditions but not SELF (p = 0.505). A one-way ReANOVA was 
conducted for both pre- and post-exercise POMS TMD scores on each condition and 
results revealed no significant differences for pre- or post-exercise TMD scores (p > 
0.05), indicating baseline and post-exercise mood scores were similar across all 
conditions. However, pre-exercise TMD scores did approach significance (p = 0.051).  
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Table 9 
ReANOVA for Profile of Mood States Total Mood Disturbance Score 
  SS df MS F p h2p 
CONDITION Trial   51.40   2.00   25.70 1.118 0.340 0.069 
 Residual 689.27 30.00   22.98    
TIME# Trial 283.59   1.00 283.59 6.509   0.022* 0.303 
 Residual 653.57 15.00   43.57    
CONDITION x TIME Trial   62.31   2.00   31.16 3.878   0.032* 0.205 
 Residual 241.02 30.00     8.03    
Note: N = 16; Self-Directed (SELF); Software Application (APP); Fitness Coach 
(COACH); * = p ≤ 0.05; # = significant post-hoc analysis result (p ≤ 0.05) 
 
 
Table 10 
Descriptive Data for Profile of Mood States Total Mood Disturbance Score  
 SELF APP COACH 
    
PRE 88.375 ± 5.277 92.000 ± 5.586 90.625 ± 7.710 
POST 87.188 ± 6.369   87.125 ± 7.347*   86.375 ± 9.266* 
Note: N = 16; all values are mean ± standard deviation; * = p ≤ 0.05 within groups  
pre- vs post-exercise 
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Exercise Trial Enjoyment 
Exercise trial enjoyment was assessed post-exercise using the PACES with a one-
way ReANOVA conducted on PACES scores between conditions (Table 11). Mauchly’s 
test indicated assumptions of sphericity were not violated. Results show no significant 
main effect (F(2, 30) = 3.031, p = 0.063, h2p = 0.168), indicating that perceived enjoyment 
did not significantly differ between the three resistance exercise conditions. However, the 
analysis was nearly significant (p = 0.063). Although not achieving statistical 
significance, mean SELF scores for PACES were greater than APP or COACH 
conditions (Table 12). 
 
Table 11 
ReANOVA for Post-Exercise Enjoyment and Satisfaction 
  SS df MS F p h2p 
PACES Trial 0.20   2.00 0.10 3.031 0.063‡ 0.168 
 Residual 1.01 30.00 0.03    
RTSQ Trial 3.50   2.00 1.75 6.702 0.004* 0.309 
 Residual 7.83 30.00 0.26    
Note: N = 16; Physical Activity Enjoyment Scale (PACES); Resistance Training 
Satisfaction Questionnaire (RTSQ); Self-Directed (SELF); Software Application (APP); 
Fitness Coach (COACH); * = p ≤ 0.05; ‡ = approached significance (p = 0.063) 
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Table 12 
Descriptive Data for Post-Exercise Enjoyment and Satisfaction 
 SELF APP COACH Main Effect 
    p-value 
PACES 3.005 ± 0.301 2.884 ± 0.328 2.854 ± 0.381 0.063‡ 
RTSQ 3.938 ± 0.443 4.063 ± 0.602   4.563 ± 0.443ab 0.004* 
Note: N = 16; all values are mean ± standard deviation; Physical Activity Enjoyment 
Scale (PACES); Resistance Training Satisfaction Questionnaire (RTSQ); Self-Directed 
(SELF); Software Application (APP); Fitness Coach (COACH); * = p ≤ 0.05;  
a = COACH > SELF (p < 0.001); b = COACH > APP (p = 0.054); ‡ = approached 
significance (p = 0.063) 
 
Exercise Trial Satisfaction 
Exercise trial satisfaction was assessed post-exercise using the RTSQ with a one-
way ReANOVA conducted on RTSQ scores between conditions (Table 11). Mauchly’s 
test indicated assumptions of sphericity were not violated. Results show a significant 
main effect (F(2, 30) = 6.702, p = 0.004, h2p = 0.309), indicating satisfaction scores differed 
between the three conditions. Post-hoc comparisons revealed significant differences 
between SELF and COACH conditions (p < 0.001) with a large main effect (Cohen’s d = 
-1.250), indicating that the COACH condition displayed greater exercise trial satisfaction 
scores than the SELF condition. Furthermore, a tendency for greater RTSQ scores was 
observed (p = 0.054) when comparing COACH to APP, indicating COACH displayed 
near significantly greater satisfaction than APP after the exercise trial. There were no 
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significant differences observed between SELF and APP (p > 0.05). Descriptive statistics 
for post-exercise RTSQ scores can be found in Table 12. 
Exercise Form  
Total exercise form was assessed using the Exercise Form Checklist. A one-way 
ReANOVA was conducted on total exercise form scores between conditions (Table 13). 
Mauchly’s test indicated assumptions of sphericity were violated and a Greenhouse-
Geisser correction was applied. Results show a significant main effect (F(1.487, 25.280) = 
5.172, p = 0.020, h2p = 0.233), indicating total exercise form scores differed between the 
three conditions. Descriptive statistics for total exercise form scores can be found in 
Table 14. Post-hoc comparisons revealed significant differences in total exercise form 
scores between the APP and COACH conditions (p = 0.009) with a large main effect 
(Cohen’s d = -0.815), indicating that the COACH condition maintained better exercise 
forms than APP. No other significant differences in exercise form between conditions 
were observed.  
 
Table 13 
ReANOVA for Total Exercise Form Scores 
  SS df MS F p h2p 
Totala# Trial 104.99   1.49 70.60 5.172 0.020* 0.233 
 Residual 345.11 25.28 13.65    
Note: N = 16; Self-Directed (SELF); Software Application (APP); Fitness Coach 
(COACH); a = Greenhouse-Geisser correction applied; * = p ≤ 0.05; # = significant post-
hoc analysis result (p ≤ 0.05) 
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Table 14 
Descriptive Data for Total Exercise Form Scores  
 SELF APP COACH Main Effect 
    p-value 
Total 63.59 ± 15.40 61.75 ± 15.27  65.16 ± 15.74a 0.020* 
Note: N = 16; all values are mean ± standard deviation; Self-Directed (SELF); Software 
Application (APP); Fitness Coach (COACH); * = p ≤ 0.05; a = COACH > APP (p ≤ 0.05) 
 
Summary 
Though not consistent across every analysis, findings from the present 
investigation revealed tendency for greater exercise volumes and higher RPE scores 
under the direct supervision of a fitness coach than when self-directing an exercise 
session in healthy, college-aged men and women. The COACH condition generally 
resulted in more weight lifted than the APP, but this effect was not statistically 
significant. The use of a fitness software application was at least equal to and sometimes 
produced greater resistance exercise volumes than SELF. Furthermore, mood improved 
after resistance exercise conducted with the use of a fitness app or a fitness coach but not 
the SELF condition. Participants reported nearly significantly greater enjoyment from the 
SELF and APP conditions. Finally, the greatest levels of satisfaction occurred after 
performing resistance exercise under the direct supervision of a fitness coach. 
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Chapter 5 
DISCUSSION
The purpose of this study was to examine resistance exercise session efficacy of a 
fitness app to a fitness professional and appears to be the first comparing virtual and in-
person coaching on resistance exercise effects. The primary aim of this study was to 
examine total exercise volume between human fitness coaching (COACH) and a fitness 
application (APP) during a single resistance exercise session. It was hypothesized that 
greater total exercise volume would occur in the COACH condition. Although the 
hypothesis was not statistically supported, exercise volumes were generally greater when 
exercising with a COACH than with an APP. It was hypothesized that greater ratings of 
perceived exertion (RPE) would occur in the COACH condition. The second hypothesis 
was not supported as total exercise RPE scores were similar between the COACH and 
APP conditions. It was hypothesized that greater improvements in mood would occur in 
the COACH condition. The third hypothesis was partially supported as the COACH 
condition elicited statistically significant improvements in mood, but failed to elicit 
greater improvements in mood than the APP condition. It was hypothesized that greater 
levels of perceived enjoyment would occur in the COACH condition. The fourth 
hypothesis was not supported as COACH and APP reported similar enjoyment and SELF 
was nearly greater than the other two conditions. Finally, it was hypothesized that greater 
levels of satisfaction would occur in the COACH condition and this was partially 
supported as COACH satisfaction was statistically greater than SELF condition, and 
nearly greater than the APP condition. Finally, the COACH condition displayed 
statistically significant greater exercise form compared to the APP condition.   
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COACH vs APP 
Total Exercise Volume 
The primary aim of the present study was to examine total exercise volume using 
a virtual coach (i.e., fitness software application) compared to human coaching. Previous 
research has demonstrated that greater resistance training outcomes generally occur under 
the direct supervision of a fitness coach (Mazzetti et al., 2000; Ratamess et al., 2008; 
Storer, Dolezal, Berenc, Timmins & Cooper, 2014). The current study revealed that the 
use of a fitness coach generally resulted in greater resistance exercise volumes than a 
fitness app. However, the analyses did not achieve statistical significance. Low power, 
due to small sample size, may explain why a statistically significant difference was not 
clearly identified despite total exercise volume being about 8.5% greater in the COACH 
condition compared to the APP condition. It is important to highlight that fitness coaches 
were permitted to provide ongoing communication and education in the form of exercise 
feedback. Additionally, motivation, encouragement, and small talk if appropriate was 
permitted as is typical during a fitness coaching session. In other words, fitness coach 
behavior was not strictly manipulated and fitness coaches operated as usual and 
according to industry standards, with the exception that coaches were directed not to 
discuss anything related to fitness apps, smartphones and tablets. Allowing fitness 
coaches to behave as they typically would in real world settings provided ecological 
validity to this study. Furthermore, it would appear that fitness coaches were able to 
provide more motivation than the fitness app, which resulted in participants producing 
8.5% greater total exercise volume, 10.9% greater volume in the LP exercise, and 6.9% 
greater volume in the SR exercise. The presence of a fitness coach may be enough to 
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encourage resistance exercisers to work at higher intensities (Ratamess et al., 2008). 
However, the CP and SP exercise volumes were similar to the APP condition, producing 
2.5% and 0.5% more exercise volume in the COACH condition, respectively. One 
explanation as to why this may have occurred could be that the anterior and medial 
deltoids and triceps brachii muscle groups involved in the CP and SP exercises were a 
limiting factor for participants. Considering that all but one participant in this study were 
untrained, then it is plausible that these muscle groups simply could not handle fatigue as 
well as the LP and SR exercises despite the motivation received from the fitness coaches, 
which ultimately resulted in similar exercise volumes as the APP condition. Despite 
statistical limitations, results from this study may be interpreted to mean that using a 
human fitness coach may produce greater exercise volumes when compared to virtual 
coaching (i.e., APP) in healthy, college-aged men and women. Extending these results 
over weeks or months might yield greater strength gains in those using real coaches 
compared to virtual coaches. Additionally, it is important to note that all but one 
participant in the present study were untrained. Therefore, healthy, untrained, college-
aged men and women generally produced greater exercise volumes in the COACH 
condition compared to the APP condition. It is unknown if similar results would occur 
after testing resistance trained individuals. Future research on fitness app use with 
resistance exercise should examine trained individuals to see if the effects are similar. 
In summary, the purpose of this study was to examine resistance exercise session 
efficacy of a fitness app to a fitness professional and appears to be the first making this 
comparison. Though the results failed to reach statistical significance, the differences in 
exercise volumes in favor of the COACH condition are worth noting.  However, greater 
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powered studies are needed to better investigate these interesting trends in our exercise 
volume data. 
Ratings of Perceived Exertion 
Rating of perceived exertion is a common instrument used to gauge exercise 
intensity of varying modalities, such as cardiovascular and resistance training, in clinical, 
research, and real-world settings. Results from the present investigation revealed college-
aged men and women generally perceived resistance exercise intensities similar in both 
the COACH and APP conditions. It is interesting that perception of effort was virtually 
the same between COACH and APP conditions despite COACH producing greater, 
though not statistically significant exercise volumes. It appears the fitness app used 
provided sufficient motivation to produce similar levels of perceived effort as a human 
coach. This may have occurred due to the qualities the fitness app innately possesses, 
such as the ability to provide a degree of feedback. For example, participants recorded the 
number of repetitions performed after each working set. This number was displayed on 
the fitness app’s screen during subsequent working sets. Conversely, participants did not 
record the number of repetitions performed in the COACH condition. Fitness coaches 
were responsible for recording completed repetitions. Therefore, it is plausible 
participants were trying to at least match, if not exceed the number of repetitions that 
were previously performed and recorded onto the fitness app. This degree of feedback 
and motivation could explain why perceived effort in the APP conditions was similar to 
in the COACH condition despite having lower mean exercise volumes. However, more 
research needs to be conducted in order to elucidate this finding. Results from this study 
adds to the literature, in that a virtual coach (i.e., fitness app) can also result in similar 
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levels of perceived effort as a human coach. This information may prove useful for 
researchers, practitioners, and resistance exercisers aiming to optimize effort to achieve 
intended health, wellness, and fitness benefits. 
Changes in Mood 
There are a wealth of data demonstrating exercise can positively impact mood 
(Reed & Ones, 2006), and the present investigation utilized a validated and widely used 
mood scale, the Profile of Mood States (POMS). Consistent with the literature, the 
present results revealed mood scores significantly improved across all conditions after 
resistance exercise. No statistical differences were observed between the COACH and 
APP conditions. These results were consistent with that of Herring and O’Connor (2009), 
who also measured mood using the POMS and demonstrated improvements in feelings of 
vigor and fatigue in physically inactive college-aged females during and after a bout of 
moderate intensity (70% of 1 RM) LP resistance exercise. Furthermore, they reported 
decreases in fatigue scores after performing light-intensity (15% of 1 RM) LP resistance 
exercise. Unfortunately, they did not examine the effects of the CP, SR, and SP exercises 
on vigor during data collection. Furthermore, it is important to note that the present study 
used a 10 RM to calculate estimated workload percentages for the prescribed exercises. It 
is unknown if other measures of strength (i.e., 1 RM, 3 RM, 5 RM, etc.) would yield 
similar outcomes. Nonetheless, data from Herring and O’Connor (2009) and from this 
present investigation agree resistance exercise can significantly improve mood.  
This effect on mood was due to the APP and COACH conditions which were both 
greater than the SELF condition.  The presence of a fitness coach (i.e., real or virtual) 
may be enough to encourage resistance exercisers to work at higher intensities (Ratamess 
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et al., 2008). Therefore, if exercisers work harder, a sense of accomplishment could 
result, which may ultimately lead to improvements in mood. Exercise volume and RPE 
data from this investigation reveal that fitness coach or app provided motivation for 
participants to work harder than they otherwise would by themselves. Unfortunately, this 
only partly explains the improvements in mood. The American College of Sports 
Medicine’ Resource for the Personal Trainer (2018) lists rapport and feedback as 
essential elements in the fitness coach-exerciser relationship, which may in part explain 
changes in mood after resistance exercise. For example, in the present study, participants 
completed their pre-exercise mood survey and began to warm-up on the treadmill. At this 
point, fitness coaches established rapport by introducing themselves, asked participants 
questions relative to him or her during the warm-up, and provided motivation throughout 
the resistance exercise session. Moreover, rapport was being built upon throughout the 
duration of the exercise session via feedback, which may have positively affected mood. 
Feedback on exercise technique, tempo, and performance for example, was provided to 
participants throughout the duration of the COACH condition, which may have 
contributed to the improvements in post-exercise mood. The fitness app also provided 
similar elements of feedback to that of a human fitness coach, though to a lesser extent. 
Therefore, it may be possible that the fitness app provided enough feedback to encourage 
greater effort, and subsequently a greater sense of a positive exercise performance, 
ultimately improving mood. This, in part, may explain why COACH and APP displayed 
statistically significant mood improvements after resistance exercise. Aside from rapport 
and feedback, it is unclear how fitness coaching can improve mood as there is a dearth of 
research examining the components of effective fitness coaching (Jowett, 2017).   
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Future research should thoroughly examine the effects fitness coaching and 
fitness apps have on mood when using varying resistance exercise modalities among 
different populations. The present results indicate a fitness app can be as effective as a 
fitness coach for improving mood after resistance exercise. This affords researchers, 
practitioners, and resistance exercisers a better understanding of how differing coaching 
modalities might affect mood, and consequently impact health, wellness, and fitness 
outcomes. 
Perceived Enjoyment 
Exercise enjoyment is defined as a positive response to the movement experience 
that reflects feelings such as pleasure, liking, and fun derived from the activity (Scanlan 
& Simons, 1992), and can be both a predictor and outcome of continued exercise 
participation (McArthur & Raedeke, 2009). Therefore, it is logical to conclude that when 
individuals experience enjoyment from exercise, they would likely continue the activity. 
One could derive enjoyment levels from changes in mood. However, the use of the 
POMS was to assess general mood changes, whereas PACES measured a specific mood 
affect (i.e., enjoyment) resulting from resistance training. Mean enjoyment scores PACES 
data revealed perceived enjoyment was similar between the COACH and APP conditions 
and curiously trended (p = .06) to be greatest in the SELF condition.  This was counter to 
the present investigation’s hypothesis and it should be noted that the PACES is a valid 
measure of enjoyment in many populations (Motl et al., 2001; Mullen et al., 2011; 
Raedeke, 2007). A recent experiment found performing free-weight resistance exercise 
elicited greater levels of perceived enjoyment than machine resistance exercise when 
measured using the PACES (Carraro, Paoli & Gobbi, 2018). It is important to highlight 
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that the present investigation used Cybex resistance machines, and not free-weights, 
during all trial conditions. If machine-based resistance exercise dictates low enjoyment 
scores then the coaching modality used may be of little importance. Future research 
should examine how differing coaching and resistance exercise modalities (i.e., free-
weights) can affect perceived enjoyment. This could allow better understanding of 
pairing coaching and resistance exercise strategies to improve perceived enjoyment while 
maintaining exercise session quality. This could equip researchers, practitioners, and 
resistance exercisers with a better understanding of how differing coaching and resistance 
equipment modalities effects exercise enjoyment, which may increase the likelihood of 
continuing with exercise, thereby impacting health, wellness, and fitness outcomes.  
Perceived Satisfaction 
Published findings on ratings of satisfaction with exercise and differing coaching 
modalities are non-existent and this appears to be the first investigation to examine 
perceived satisfaction after resistance exercise. A validated resistance exercise training 
satisfaction survey was not available for use during the present investigation. However, 
Likert scales measuring life-, body-, and perceived psychological need satisfaction are 
commonly modeled after exercise in the exercise science research literature (Gammage, 
Drouin & Lamarche, 2016; Heiestad, Rustaden, Bø, & Haakstad, 2016; Wilson et al., 
2006). Therefore, we modeled a Likert scale (i.e., Resistance Training Satisfaction 
Questionnaire; RTSQ) for this investigation and measured perceived satisfaction after an 
exercise session. Scores from the RTSQ indicated the COACH condition trended (p = 
0.054) toward greater satisfaction than the APP condition. These results are in accordance 
with the present study’s hypothesis. It is likely perceived satisfaction was highest when 
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participants used fitness coaches because the coaches were generally supportive and 
encouraging of participants’ resistance exercise efforts. It is important to note that 
satisfaction and enjoyment can be mutually exclusive after a resistance exercise session. 
For example, in the COACH condition, participants tended to lift more. Even though they 
may have enjoyed the exercise session less they were more satisfied with their effort. 
Therefore, satisfaction may not have improved in the APP condition due to the lack of 
interpersonal connection in comparison to a human fitness coach. Future studies using 
fitness apps measuring similar outcomes should take care to elucidate fitness apps’ 
strengths and weakness. It would be advantageous for fitness app developers to include 
more aspects of specific feedback. However, this may be difficult for technological 
reasons. The present investigation demonstrates that working with a fitness coach may 
maximize satisfaction levels after a bout of resistance exercise, which may increase the 
likelihood of continuing with exercise. These results could be useful for researchers, 
practitioners, and resistance exercisers to choose their preferred coaching modality before 
undertaking resistance exercise.  
Exercise Form 
 Even though exercise form was not a primary aim of this study, its measure 
provides insightful information worthy of discussion. Form was assessed and scored 
during all resistance exercise trial conditions, which provided an objective measure of 
exercise technique. Data from the investigation showed exercise form was statistically 
better in COACH compared to the APP condition.  It is important to highlight that the 
fitness app used provided both video and written information on how to perform 
resistance exercise form correctly, and participants had the opportunity to review exercise 
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form at any time during the exercise session. However, not all participants used this 
feature. It is possible that participants felt competent in their resistance exercise technique 
due to having completed the familiarization and first exercise condition (i.e., SELF). The 
COACH and APP conditions were randomized, therefore, in some cases participants had 
the opportunity to receive feedback from a fitness coach on how to properly perform the 
exercise before the final exercise condition took place. It is possible proper from was 
inappropriately believed to be learned by this point. Fitness coaches generally provided 
instantaneous feedback and encouragement to maintain proper exercise form when 
applicable. Data from this study revealed that having a fitness coach present with eyes on 
participants during resistance exercise appears to be superior in executing proper exercise 
form than a fitness app. Unfortunately, the fitness app appears limited in its ability to 
provide instantaneous feedback. This information could prove useful for fitness app 
developers on how to circumvent limitations in providing instantaneous feedback when 
appropriate, which could reduce risk of injury due to poor form, and ultimately produce 
greater and safer resistance exercise outcomes. 
APP vs SELF 
Total Exercise Volume 
More than half of Americans use at least one health and fitness application to help 
manage their personal health and fitness (Krebs & Duncan, 2015). However, the 
percentages of these health and fitness application users who specifically use a fitness 
app for guidance or coaching with resistance exercise are not yet known. Although results 
reveal that the APP condition produced similar (i.e., 2.5%) total exercise volume than 
SELF, significantly greater exercise volume occurred in one out of four exercises (i.e., 
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SP). The fact that performance was at least maintained or slightly better in the APP 
condition compared to SELF is meaningful. This finding is important as the utility of a 
fitness software application may benefit anyone who might not be able to afford a fitness 
coach. These results agree with a study among healthy men and women whose 
cardiovascular exercise was successfully directed by a fitness app compared to self-
directed cardiovascular exercise (Rospo et al., 2016). In the Rospo et al. (2016) study, all 
groups improved cardiorespiratory fitness after the two-week exercise intervention, 
indicating that a fitness app was equally as effective as a supervised exercise session with 
a fitness coach. Future research on fitness app use with resistance exercise should 
examine larger and more diverse samples to see if the present results can be corroborated.  
In summary, this investigation provided some evidence for better exercise 
volumes using a fitness software application than resistance exercise by oneself. If 
achieving greater exercise volume is the goal then using an app may be more effective 
than self-directed resistance exercise training. Greater powered studies are needed to 
better understand these interesting trends in our exercise volume data. This information 
could assist resistance exercisers who cannot otherwise afford to employ a fitness coach 
but own a smartphone capable of running fitness apps receive the benefit of a potentially 
more effective resistance exercise session than self-directed exercise. 
Ratings of Perceived Exertion 
Results from the present investigation revealed college-aged men and women 
generally perceived working harder in APP than in the SELF condition. It appears the 
software application provided sufficient motivation to produce statistically greater levels 
of perceived effort than self-directed resistance exercise. This may have occurred due to 
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the qualities the fitness app innately possesses, such as the ability to provide a degree of 
feedback. Participants recorded the number of repetitions performed after each working 
set. This number was displayed on the fitness app screen during subsequent working sets. 
Conversely, participants did not record the number of repetitions performed in the SELF 
condition. Therefore, it is possible participants were trying to at least match, if not exceed 
the number of repetitions recorded that were previously performed. This degree of 
feedback and motivation may explain why perceived effort was higher in the APP 
condition compared to SELF. It remains unclear if results would differ if the SELF 
condition had also recorded repetitions performed. More research needs to be conducted 
in order to better elucidate this finding. 
Changes in Mood 
The present data revealed mood significantly improved from pre- to post-exercise 
in the APP condition, but not the SELF condition. However, differences in mood scores 
between the APP and SELF conditions were not found. Mood improvements in the APP 
condition could be attributed to the feedback the fitness app provided. Therefore, it may 
be possible that the fitness app encouraged greater effort, and subsequently greater 
exercise performance, which could have led to feelings of accomplishment and ultimately 
improving mood. It is unclear why SELF did not display mood improvements post-
resistance exercise despite previous research showing the contrary (Herring & O’Connor, 
2009). It is important to highlight that there were differences among participants between 
studies. For example, participants in Herring & O’Connor’s (2009) research were 
college-aged, inactive women whom were not regularly physically active, had no lifetime 
history of resistance exercise, and reported persistent or frequent feelings of fatigue 
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within the previous 30 days. Participants in the current study were apparently healthy, 
college-aged, men and women whom may have had resistance exercise experience, have 
never used a fitness app or fitness coach for assistance with resistance exercise, and were 
permitted to be physically active at the time the study was conducted. Therefore, it is 
plausible that no improvements in mood after self-directed exercise may have been due to 
the fact that participants had no known persistent or frequent feelings of fatigue, or 
perhaps had previous experience with resistance exercise. Nevertheless, the present 
results indicate a fitness app may be more effective than self-directed exercise for 
improving mood after resistance exercise. This may be another benefit of using an app 
compared to exercising by oneself, however, more research needs to be conducted in 
order to confirm this speculation. 
Perceived Enjoyment 
Enjoyment scores from the present investigation’s PACES data revealed a 
tendency for greater enjoyment occurred in the SELF condition over the APP condition 
(p = 0.063). It is possible the lower exercise volume and perceived effort in the SELF 
condition may have improved perceived enjoyment. In other words, if participants do not 
work very hard maybe they enjoy the session better. However, this is speculation about a 
trend in the data and more research needs to be conducted to better understand this 
finding. 
Perceived Satisfaction 
Results from this investigation revealed the fitness app did not influence 
satisfaction levels any more than self-directed resistance exercise. It is plausible that this 
may be due to the lack of interpersonal connection the app innately provided despite the 
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APP condition producing greater total exercise volume, effort, and mood improvements 
than SELF. In other words, having a degree of interpersonal connection where exercise 
performance was commented on and praised could result in greater satisfaction levels. It 
may be advantageous for fitness app developers to include this aspect of feedback to 
promote greater satisfaction levels. However, this may be difficult for technological 
reasons.  
Exercise Form 
 Results from this investigation revealed exercise form did not differ significantly 
between the APP and SELF conditions. Interestingly, mean scores revealed exercise form 
scores tended to be greater when resistance exercise was self-directed. This is surprising 
because the app provided information about proper form.  However, because the SELF 
condition always followed the exercise familiarization visit participants may have better 
remembered form-related directions. The other two trial conditions were randomized 
after the SELF condition, and also occurred approximately one week later. Therefore, it is 
plausible that proper exercise form was retained in the SELF condition but not by the 
time APP occurred. Future studies examining differences in exercise form between trial 
conditions should take care to randomize the conditions to eliminate any disadvantage in 
comparisons between groups. 
COACH vs SELF 
It is important to highlight that the SELF condition was always the first of the 
three experimental conditions, which created a disadvantage in comparing SELF to the 
other two conditions due to the order effect. However, the primary aim of the present 
study was to examine total resistance exercise volume using a virtual coach compared to 
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a human coach. Previous research has examined the effects of a fitness coach compared 
to self-directed exercise on a resistance exercise session (Mazzetti et al., 2000; Ratamess 
et al., 2008; Storer et al., 2014). Results of this investigation confirms the generally 
positive effect of fitness coaching on total exercise volumes. For example, mean total 
exercise volume was greater in the COACH condition compared to the SELF condition, 
resulting in 10.7% greater total exercise volume in the COACH condition. Furthermore, 
COACH produced significantly greater (p = 0.044) total exercise volume in the SR 
exercise, producing 11.5% greater exercise volume compared to SELF. Additionally, the 
COACH produced nearly significant greater (p = 0.063) total exercise volume in the SP 
exercise, producing 12.5% greater exercise volume compared to SELF. This investigation 
generally agrees with existing research on the effectiveness of fitness coaching on 
resistance exercise effects.   
Summary 
The purpose of this study was to compare resistance exercise session efficacy of a 
fitness app to a fitness professional. Even though this study may have been 
underpowered, data trended toward indicating a human coach may yield greater exercise 
volumes and workout satisfaction than a fitness app. Furthermore, college-aged men and 
women generally may have enjoyed a lighter and less difficult self-directed resistance 
exercise session more than being told what to do from a human or virtual coach. Finally, 
an app may enhance some components (e.g., possibly exercise volume and RPE) of the 
workout compared to self-directed resistance exercise and provide a low-cost alternative 
to hiring a fitness professional.  
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Practical Implications 
Supervised resistance training from a human fitness coach generally provides 
superior session outcomes than self-directed exercise. Data from the present study agree 
with previous research and for the first time demonstrate that the use of a fitness app may 
provide better selected resistance outcomes than self-directed exercise. These findings are 
important to consider as more than half of Americans use at least one health and fitness 
application to help manage their personal health and fitness (Krebs & Duncan, 2015). 
However, the percentages of these health and fitness application users who also employ a 
fitness coach, app or human, are not yet known. Therefore, it is important that health and 
fitness application users are aware that human fitness coaches may provide better session 
outcomes than fitness apps or self-directed resistance exercise. Ultimately, it is up to the 
participant to decide if employing a fitness coach is worth the additional cost to possibly 
some elements of performance. Similarly, resistance exercisers who employ a fitness 
coach could consider a low-cost enhancement potential to self-directed resistance 
exercise by using a fitness software application.  
Data from this study can provide researchers, practitioners, and resistance 
exercisers with a better understanding of how differing coaching modalities might impact 
resistance training efficacy, ultimately affecting health, wellness, and fitness outcomes. 
Given the small sample size of this study, future investigations utilizing larger and more 
diverse samples are needed to corroborate these findings. Examining this will provide 
researchers, practitioners and exercisers with a better understanding of how to best 
optimize resistance exercise session outcomes, and ultimately health, wellness and 
fitness. 
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Chapter 6 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Summary 
Approximately 58% of Americans use at least one smartphone app daily to 
manage personal health and fitness (Krebs & Duncan, 2015). Unfortunately, there is a 
dearth of research investigating the effectiveness of fitness apps on resistance training 
outcomes. According to existing research, human fitness coaching is effective at 
improving health- and performance-related fitness outcomes (Mazzetti et al., 2000; 
Ratamess et al., 2008; Storer et al., 2014). It also appears, however, using an app can help 
motivate individuals to improve cardiorespiratory fitness (Rospo et al., 2016). This 
investigation appears to be the first to have examined resistance training efficacy using 
virtual coaching via a fitness app compared to in-person, human fitness coaching. We 
hypothesized that greater resistance exercise session efficacy would occur under the 
direction of a fitness coach (COACH) compared to a fitness app (APP). The effect of 
using a fitness software application and a fitness coach on resistance training session 
efficacy was examined in healthy, college-aged males (n = 7) and females (n = 9). A 
counter-balanced, three-visit, repeated measures experimental design was used to 
compare APP to COACH and to SELF during near-identical Cybex resistance-machine 
exercise sessions. Exercise volume was measured for each condition, along with ratings 
of perceived exertion (RPE), mood, and perceived enjoyment, satisfaction and exercise 
form.
A difference in perceived effort between conditions was observed. For example, 
college-aged resistance exercisers generally perceived working harder in both COACH 
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and APP conditions than in the SELF condition. Furthermore, a trend toward differences 
in total exercise volume between conditions was observed. Although the COACH 
condition performed about 11% greater total exercise volume than SELF and 8.5% 
greater total exercise volume than APP, these findings approached but did not achieve 
statistical significance. Moreover, the COACH and APP condition each performed 
greater volume in 1 out of the 4 exercises compared to SELF.  These results tend to 
support existing literature affirming that resistance exercise under the supervision of a 
fitness coach yields greater exercise volumes compared to self-directed resistance 
exercise. Additionally, these results add to the existing body of research revealing for the 
first time that persons doing resistance exercise using a fitness software application 
trended toward greater exercise volumes when compared with self-directed resistance 
exercise. Furthermore, a significant condition by time interaction occurred with 
comparison analyses showing both COACH and APP (p ≤ 0.05) improved mood after 
RE. A tendency for greater enjoyment occurred in the SELF condition compared to both 
APP and COACH conditions, which was counter to this study’s hypothesis. Finally, the 
COACH condition produced greater satisfaction scores than the other two conditions. 
Comparison analyses were unable to identify statistical significance in total 
exercise volumes among the three conditions. Therefore, careful interpretation of these 
data are warranted. Additionally, greater workout satisfaction occurred when exercise 
was performed under the direct supervision of a human coach rather than a fitness app. 
Furthermore, college-aged men and women tended to better enjoy a lighter and less 
difficult self-directed resistance exercise session more than exercise training with a 
human or virtual coach. Finally, the use of a fitness app may enhance some components 
  
68 
 
of the workout with little cost and may be useful for the typical recreational exerciser 
trying to improve aspects of health, wellness and fitness. 
Conclusions 
 Based on the experimental protocols and results, the following conclusions can be 
made. 
1. Total exercise volume performed under fitness coach supervision appears superior 
to self-directing an exercise session. There is also evidence to suggest a fitness 
app may produce better exercise volumes than self-directing resistance exercise. 
The COACH condition tended to produce greater percent exercise volumes than 
APP, however, a more well-powered study may be needed to detect these 
differences statistically.  
2. The fitness app was equal or better than self-directed exercise for almost every 
variable examined. Therefore, at a very low or no cost, using the right fitness app 
may enhance aspects of a resistance exercise session and might be a reasonable 
recommendation for consideration by many exercise enthusiasts. Ultimately, if a 
person can afford a fitness coach they will likely get the most from a resistance 
exercise session, but using an app might also enhance session results and should 
be strongly considered by those not employing a fitness coach. 
3. Perceived effort appears greatest when resistance exercise is performed using a 
human and virtual fitness coach compared to self-directed training. However, 
there was no evidence of differences in perceived effort between fitness coach and 
fitness app conditions. Therefore, if the aim of the resistance exercise session is to 
be challenged then using the right fitness app may produce similar results as a 
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fitness coach and should be strongly considered by those not employing a fitness 
coach. 
4. Improvements in mood may occur as a result of resistance exercise using a fitness 
coach or a fitness app, but not self-directed exercise. Therefore, if the aim of the 
resistance exercise session is to improve mood then using a fitness app may 
produce similar results as a fitness coach. 
5. There was no statistical significance on perceived enjoyment as a result of 
resistance exercise using differing coaching conditions. However, a tendency for 
greater perceived enjoyment did occur when resistance exercise was self-directed 
compared to human and virtual fitness coaching. Our untrained participants may 
have better enjoyed the SELF workout because it involved less effort and 
generally lesser exercise volumes than COACH or APP conditions. Therefore, 
enjoyment may not be the most important variable when choosing between the 
session supervision choices. 
6. Perceived satisfaction was greater when resistance exercise was directed by a 
fitness coach compared to self-directed exercise. There was also a tendency for 
greater perceived satisfaction occurring when resistance exercise is directed by a 
fitness coach compared to a fitness app. There was no evidence for a fitness app 
to produce greater levels of satisfaction over self-directed exercise. Therefore, the 
use of a fitness coach is recommended to maximize satisfaction levels. 
7. For most every variable examined, the fitness app was equal or better than self-
directed exercise. Therefore, at a very low or no cost, using a fitness app may 
enhance aspects of a resistance exercise session and might be a reasonable 
  
70 
 
recommendation for consideration by many exercise enthusiasts. Ultimately, if a 
person can afford a fitness coach they will likely get the most from a resistance 
exercise session, but using an app might also enhance session results and should 
be strongly considered by those not employing a fitness coach. 
Recommendations 
 The following recommendations for future research are presented based on the 
results collected in the present study.  
1. Test a larger sample to improve power and determine if data trends for exercise 
volume and perceived enjoyment and satisfaction are affected. 
2. Test resistance trained subjects to determine if similar results would follow. 
3. Test different measures of muscular strength (i.e., 1 RM, 3 RM, 5 RM, etc.) to 
determine if similar results would occur.  
4. Test different modalities of resistance training (i.e., free-weights) to determine the 
most effective modality.  
5. Test different fitness apps to determine their effectiveness and discern what 
makes an app effective. 
6. Evaluate characteristics of fitness apps that may make them more or less attractive 
and useful to users. 
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IRB Approval #: 0818-02b 
INFORMED CONSENT FORM 
 
Examining Resistance Training Efficacy of a Fitness Software App 
 
1. Purpose of the study:  
The purpose of this study is to examine the resistance training efficacy of a fitness software app. 
 
2. Benefits:  
You may benefit from participating in this study because you will: (1) learn proper and safe exercise 
form for using Cybex resistance exercise machines, (2) discover your muscular strength and 
endurance using four Cybex resistance exercise machines for the leg press (LP), chest press (CP), 
seated row (SR), and shoulder press (SP) resistance exercises, and (3) you may gain more insight as 
to how resistance exercise effects your mood, enjoyment, and satisfaction. 
 
3. What you will be asked to do:  
You will be excluded from this study if you:  
• indicate having any known cardiovascular or musculoskeletal ailments, or… 
• if the Physical Activity Readiness Questionnaire (PAR-Q+) determines you are at risk for 
participating in physical activity.  
 
Only apparently healthy individuals may participate in this study. Any indication of poor 
cardiovascular or musculoskeletal health determined by the PAR-Q+ will result in exclusion from this 
study.  
 
In this study, you will be asked to: 
• perform resistance training exercises using the leg press, chest press, seated row, and 
shoulder press Cybex machines on three separate trial visits.  
• complete a short questionnaire before each resistance training bout. 
• complete three additional short questionnaires/surveys after each resistance training bout.  
 
The total time for these three visits is estimated to take 45 minutes each. Should you qualify and 
would like to participate in this study, you will be permitted to continue your normal activity 
patterns throughout the duration of this study; however, you will be asked NOT TO:  
• perform any moderate-to-vigorous physical activity, specifically resistance training, 48-hours 
prior to your scheduled trial visits.  
• take any medication, nutritional, or supplement known to affect resistance training 
performance throughout the duration of this study. Doing so will result in rescheduling your 
trial visits, or dismissal from this study.  
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4. Risks: 
The potential risks for participating in this study are the same as those incurred during resistance 
training using exercise machines. Unfortunately, all modalities of resistance training inherently 
poses some physical risk. These risks may include, but not limited to: (i) fatigue, (ii) sore muscles, (iii) 
strained muscles, (iv) sprained tendons/ligaments, and in very rare cases (v) myocardial infarction 
(i.e., heart attack). Risks are being minimized in this study by using machine-based resistance 
exercise machines. Resistance machines are typically found in most health and fitness clubs and are 
widely considered safer than free-weights. Risks are further minimized by allowing adequate time 
with the exercise machines during the familiarization visit while receiving proper exercise form 
feedback from an academically prepared fitness coach. Risks are further minimized by including a 
five-minute treadmill warm-up at a self-selected pace prior to starting resistance exercise, which 
helps prepare the body for the upcoming resistance exercises.  
   
If you are injured during this study, your injury will be appraised in effort to determine your 
continued participation. Should you suffer an injury that warrants medical attention, you will be 
dismissed from the study. Exercise trials will take place at Ithaca College’s Robert R. Colbert Sr. 
Wellness Clinic, which is staffed by personnel trained in exercise prescription, exercise testing, and 
CPR. Trained personnel will be directly with you or monitoring you from a distance during each 
exercise trial. 
 
5. Compensation for injury: 
Ithaca College does not have a program for compensating subjects for injury or complications 
related to human subject research, but the study personnel will assist you in getting treatment. 
Medical treatment will be available at the closest medical center at the expense of the participant. If 
you suffer an injury that requires any treatment or hospitalization as a direct result of this study, the 
cost for such care will be charged to you. If you have insurance, you may bill your insurance 
company. You will be responsible to pay all costs not covered by your insurance. Ithaca College will 
not pay for any care, lost wages, or provide other financial compensation. 
 
6. If you would like more information about this study: 
We will be happy to answer any question you have about this study. If you have further questions 
about this study, or if you have a research-related problem, you may contact the principal 
investigators, Matthew Limoges at mlimoge1@ithaca.edu or 207-333-2378, or Gary Sforzo at 
sforzo@ithaca.edu or 607-274-3359. If you have any questions concerning your rights as a research 
subject, you may contact Ithaca College Institutional Review Board at irb@ithaca.edu. 
 
7. Withdraw from this study: 
Your participation in this research is completely voluntary and you may choose not to take part at 
all. You are free to ask questions at any time. If you decide to participate in this research, you may 
stop participating at any time. 
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8. How the data will be maintained in confidence: 
We will do our best to keep your personal information confidential. To help protect your 
confidentiality, all data are kept in a secure locked office with access available only to study 
personnel. Furthermore, all electronic files (e.g., database, spreadsheet, etc.) containing identifiable 
information will be password protected. Computers with data from this study will be protected by a 
password and only available to be accessed by authorized personnel involved with the study. Only 
the members of the research staff will have access to the passwords. Participants will be assigned 
IDs, which will not include any personally identifiable information. 
 
If we write a report or article about this research project, your identity will be protected to the 
maximum extent possible. Information will be presented in summary format and you will not be 
identified in any publications or presentations. Your information may only be shared with 
representatives of Ithaca College, or government authorities if you or someone else is in danger or if 
we are required to do so by law. Records of the research will be maintained for at least 3 years 
following study completion. 
 
I have read the above and I understand its contents. I agree to participate in the study. I 
acknowledge that I am 18 years of age or older.  
 
_____________________________________________________ 
Print or Type Name 
 
_____________________________________________________ ____________________ 
Signature         Date 
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24-HOUR HEALTH HISTORY 24- HOUR HE TH HISTORY 
 
PARTICIPANT ID #: __________________    DATE:  _________________ 
 
GENDER: M [  ]   F [  ]    AGE: _______     HEIGHT: _______       WEIGHT: _______
 
Present Health Status (please check all that apply)
[  ] Nausea 
[  ] Sore Throat 
[  ] Headache 
[  ] Body Ache 
 
[  ] Chills 
[  ] Lethargy 
[  ] Nasal Drip 
[  ] Cramping 
 
[  ] Muscle Aches 
[  ] Chest Pain 
[  ] Shortness of Breath 
[  ] Dizziness 
Diet  Yes      No 
Have you consumed caffeine in the past 3 hours?  [  ]       [  ] 
Have you used tobacco products in the past 3 hours?  [  ]       [  ] 
Have you consumed alcohol in the past 12 hours? [  ]       [  ] 
Has your diet changed dramatically since your last exercise trial?  [  ]       [  ] 
 
Physical Activity/Exercise 
Have you exercised in the last 48 hours? [  ]       [  ] 
 If so, please explain:  
 
 
Have your physical activity levels changed since your last exercise trial? [  ]       [  ] 
 If so, please explain:  
 
 
Medications/Vitamins/Supplements 
Do you take any medications, vitamins, or supplements? [  ]       [  ] 
If so, please list all you currently take: 
____________________  ____________________  ____________________ 
____________________  ____________________  ____________________ 
____________________  ____________________  ____________________ 
 
Has there been any change to your prescription medications since your [  ]       [  ] 
last exercise trial? 
 If so, please explain: 
 
 
Have you taken any over-the-counter medications, vitamins, or [  ]       [  ] 
supplements today? 
 If so, please explain:  
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PARTICIPANT ID #: __________  Trial:  SD, APP, or FC 
Injury Yes      No 
Do you have any musculoskeletal injuries that would affect your [  ]       [  ] 
exercise performance? 
  If so, please explain: 
 
 
Have you undergone any surgeries that would affect your exercise performance? [  ]       [  ] 
 If so, please explain: 
 
 
Have you experienced any physical traumas since your last exercise trial [  ]       [  ] 
that would affect your exercise performance? 
 If so, please explain:  
 
 
Sleep 
Do you feel drowsy, tired, or run down at this time? [  ]       [  ] 
Has your sleep pattern changed since your last exercise trial? [  ]       [  ] 
Have there been any changes in your sleep pattern since your last  [  ]       [  ] 
exercise trial that may compromise your performance on today’s exercise trial? 
 If so, please explain: 
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PARTICIPANT ID #: __________  Trial:  SD, APP, or FC 
 
EXERCISE FORM CHECKLIST/SCORE SHEET 
Scoring Rubric: 1 = performed correctly, 0 = performed incorrectly 
EXERCISE 1 
Set number  
  1      2     3  SEATED LEG PRESS:     # of reps 1___ 2___ 3___    RPE___ 
[   ]  [   ]  [   ] ………….. Head: neutral/in contact with back pad 
[   ]  [   ]  [   ] ………….. Shoulders/Upper Back: in contact with back pad 
[   ]  [   ]  [   ] .…………. Low Back: neutral arch 
[   ]  [   ]  [   ] .…………. Buttock: in contact with seat 
[   ]  [   ]  [   ] .…………. Feet: completely on foot plate; flat, hip-width; toes straight or pointed 
slightly outward  
[   ]  [   ]  [   ] ………….. Knees: locked or soft-locked at terminal extension 
[   ]  [   ]  [   ] .…………. Hands: gripping handles or folded across chest 
[   ]  [   ]  [   ] Å TOTAL SCORE 
 
EXERCISE 2 
Set number 
  1      2     3 SEATED CHEST PRESS:     # of reps 1___ 2___ 3___    RPE___ 
[   ]  [   ]  [   ] ………….. Head: neutral/in contact with back pad 
[   ]  [   ]  [   ] ………….. Shoulders/Upper Back: in contact with back pad 
[   ]  [   ]  [   ] .…………. Low Back: neutral arch 
[   ]  [   ]  [   ] .…………. Buttock: in contact with seat 
[   ]  [   ]  [   ] .…………. Feet: in contact with floor  
[   ]  [   ]  [   ] Å TOTAL SCORE 
 
EXERCISE 3 
Set number 
  1      2     3 SEATED BACK ROW:     # of reps 1___ 2___ 3___    RPE___ 
[   ]  [   ]  [   ] ………….. Head: neutral position 
[   ]  [   ]  [   ] ………….. Spine: neutral position 
[   ]  [   ]  [   ] .…………. Buttock: in contact with seat 
[   ]  [   ]  [   ] .…………. Feet: on floor or foot rest 
[   ]  [   ]  [   ] .…………. Hands: neutral grip; straight wrists 
[   ]  [   ]  [   ] .…………. Humerus: meet or exceed mid-axilla at terminal extension 
[   ]  [   ]  [   ] Å TOTAL SCORE 
 
EXERCISE 4 
Set number 
  1      2     3 SEATED SHOULDER PRESS:     # of reps 1___ 2___ 3___    RPE___ 
[   ]  [   ]  [   ] ………….. Head: neutral/in contact with back pad 
[   ]  [   ]  [   ] ………….. Shoulders/Upper Back: in contact with back pad 
[   ]  [   ]  [   ] .…………. Low Back: neutral arch 
[   ]  [   ]  [   ] .…………. Buttock: in contact with seat 
[   ]  [   ]  [   ] .…………. Feet: in contact with floor 
[   ]  [   ]  [   ] .…………. Elbows: complete or soft-lock at terminal extension 
[   ]  [   ]  [   ] Å TOTAL SCORE 
 
Rest Time (sec): 
After Set 1: ________ 
After Set 2: ________ 
After Ex. 1: ________ 
 
RPE (1-10): 
After Set 3: ________ Rest Time (sec): 
After Set 1: ________ 
After Set 2: ________ 
After Ex. 2: ________ 
 
RPE (1-10): 
After Set 3: ________ 
Rest Time (sec): 
After Set 1: ________ 
After Set 2: ________ 
After Ex. 3: ________ 
 
RPE (1-10): 
After Set 3: ________ Rest Time (sec): 
After Set 1: ________ 
After Set 2: ________ 
After Ex. 4: ________ 
 
RPE (1-10): 
After Set 3: ________ 
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Appendix F 
MODIFIED PHYSICAL ACTIVITY ENJOYMENT SCALE (PACES) 
Without recalling upon past physical activity experiences, please circle the following 
regarding your resistance training session today.  
 
(1) disagree a lot, (2) disagree a little, (3) neither agree or disagree, 
(4) agree a little, (5) agree a lot 
 
When I’m active… 
 
1. I enjoy it  -------------------------------------------------------------------- (1)   (2)   (3)   (4)   (5) 
 
2. I feel bored  ----------------------------------------------------------------- (1)   (2)   (3)   (4)   (5) 
 
3. I dislike it  ------------------------------------------------------------------- (1)   (2)   (3)   (4)   (5) 
 
4. I find it pleasurable  ------------------------------------------------------- (1)   (2)   (3)   (4)   (5) 
 
5. It’s no fun at all  ----------------------------------------------------------- (1)   (2)   (3)   (4)   (5) 
 
6. It gives me energy  --------------------------------------------------------- (1)   (2)   (3)   (4)   (5) 
 
7. It makes me depressed  --------------------------------------------------- (1)   (2)   (3)   (4)   (5) 
 
8. It’s very pleasant  ---------------------------------------------------------- (1)   (2)   (3)   (4)   (5) 
 
9. My body feels good  ------------------------------------------------------- (1)   (2)   (3)   (4)   (5) 
 
10. I get something out of it  ------------------------------------------------ (1)   (2)   (3)   (4)   (5) 
 
11. It’s very exciting  --------------------------------------------------------- (1)   (2)   (3)   (4)   (5) 
 
12. It frustrates me  ----------------------------------------------------------- (1)   (2)   (3)   (4)   (5) 
 
13. It’s not at all interesting  ------------------------------------------------ (1)   (2)   (3)   (4)   (5) 
 
14. It gives me a strong feeling of success  ------------------------------- (1)   (2)   (3)   (4)   (5) 
 
15. It feels good --------------------------------------------------------------- (1)   (2)   (3)   (4)   (5) 
 
16. I feel as though I would rather be doing something else  --------- (1)   (2)   (3)   (4)   (5)  
Motl, R. W., Dishman, R. K., Saunders, R., Dowda, M., Felton, G., & Pate, R. R. (2001). 
Measuring enjoyment of physical activity in adolescent girls. American Journal of 
Preventive Medicine, 21(2), 110–117.
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RESISTANCE TRAINING SATISFACTION QUESTIONNAIRE (RTSQ) 
 
Without recalling upon past resistance exercise experiences, please circle the following 
regarding your resistance training session today.  
 
(1) dissatisfied a lot, (2) dissatisfied a little, (3) neither satisfied nor dissatisfied, 
(4) satisfied a little, (5) satisfied a lot 
 
How satisfied were you with your…  
1. efforts during your exercise session? -------------------------------- (1)   (2)   (3)   (4)   (5) 
2. fitness coach or app during your exercise session? ---------------- (1)   (2)   (3)   (4)   (5) 
